EXECUTIVE SUMMARY
Diabetic foot infections (DFIs) are a frequent clinical problem. Properly managed, most can be cured, but many patients needlessly undergo amputations because of improper diagnostic and therapeutic approaches. Infection in foot wounds should be defined clinically by the presence of inflammation or purulence, and then classified by severity. This approach helps clinicians make decisions about which patients to hospitalize or to send for imaging procedures or for whom to recommend surgical interventions. Many organisms, alone or in combinations, can cause DFI, but gram-positive cocci (GPC), especially staphylococci, are the most common.
Although clinically uninfected wounds do not require antibiotic therapy, infected wounds do. Empiric antibiotic regimens must be based on available clinical and epidemiologic data, but definitive therapy should be based on cultures of infected tissue. Imaging is especially helpful when seeking evidence of underlying osteomyelitis, which is often difficult to diagnose and treat. Surgical interventions of various types are often needed and proper wound care is important for successful cure of the infection and healing of the wound. Patients with a DFI should be evaluated for an ischemic foot, and employing multidisciplinary foot teams improves outcomes.
Summarized below are the recommendations made in the new guidelines for diabetic foot infections. The expert panel followed a process used in the development of other Infectious Diseases Society of America (IDSA) guidelines, which included a systematic weighting of the strength of recommendation and quality of evidence using the GRADE (Grading of Recommendations Assessment, Development and Evaluation) system [1] [2] [3] [4] [5] [6] (Table 1) . A detailed description of the methods, background, and evidence summaries that support each of the recommendations can be found online in the full text of the guidelines.
RECOMMENDATIONS FOR MANAGING DIABETIC FOOT INFECTIONS
I. In which diabetic patients with a foot wound should I suspect infection, and how should I classify it?
Recommendations
1. Clinicians should consider the possibility of infection occurring in any foot wound in a patient with diabetes (strong, low). Evidence of infection generally includes classic signs of inflammation (redness, warmth, swelling, tenderness, or pain) or purulent secretions, but may also include additional or secondary signs (eg, nonpurulent secretions, friable or discolored granulation tissue, undermining of wound edges, foul odor) (strong, low).
2. Clinicians should be aware of factors that increase the risk for DFI and especially consider infection when these factors are present; these include a wound for which the probe-to-bone (PTB) test is positive; an ulceration present for >30 days; a history of recurrent foot ulcers; a traumatic foot wound; the presence of peripheral vascular disease in the affected limb; a previous lower extremity amputation; loss of protective sensation; the presence of renal insufficiency; or a history of walking barefoot (strong, low).
3. Clinicians should select and routinely use a validated classification system, such as that developed by the International Working Group on the Diabetic Foot (IWGDF) (abbreviated with the acronym PEDIS) or IDSA (see below), to classify infections and to help define the mix of types and severity of their cases and their outcomes (strong, high). The DFI Wound Score may provide additional quantitative discrimination for research purposes (weak, low). Other validated diabetic foot classification schemes have limited value for infection, as they describe only its presence or absence (moderate, low).
II. How should I assess a diabetic patient presenting with a foot infection?
Recommendations 4. Clinicians should evaluate a diabetic patient presenting with a foot wound at 3 levels: the patient as a whole, the affected foot or limb, and the infected wound (strong, low).
5. Clinicians should diagnose infection based on the presence of at least 2 classic symptoms or signs of inflammation (erythema, warmth, tenderness, pain, or induration) or purulent secretions. They should then document and classify the severity of the infection based on its extent and depth and the presence of any systemic findings of infection (strong, low).
6. We recommend assessing the affected limb and foot for arterial ischemia (strong, moderate), venous insufficiency, presence of protective sensation, and biomechanical problems (strong, low).
7. Clinicians should debride any wound that has necrotic tissue or surrounding callus; the required procedure may range from minor to extensive (strong, low).
III. When and from whom should I request a consultation for a patient with a diabetic foot infection?
Recommendations
8. For both outpatients and inpatients with a DFI, clinicians should attempt to provide a well-coordinated approach by those with expertise in a variety of specialties, preferably by a multidisciplinary diabetic foot care team (strong, moderate). Where such a team is not yet available, the primary treating clinician should try to coordinate care among consulting specialists.
9. Diabetic foot care teams can include (or should have ready access to) specialists in various fields; patients with a DFI may especially benefit from consultation with an infectious disease or clinical microbiology specialist and a surgeon with experience and interest in managing DFIs (strong, low). 10 . Clinicians without adequate training in wound debridement should seek consultation from those more qualified for this task, especially when extensive procedures are required (strong, low).
11. If there is clinical or imaging evidence of significant ischemia in an infected limb, we recommend the clinician consult a vascular surgeon for consideration of revascularization (strong, moderate). 12. We recommend that clinicians unfamiliar with pressure off-loading or special dressing techniques consult foot or wound care specialists when these are required (strong, low).
13. Providers working in communities with inadequate access to consultation from specialists might consider devising systems (eg, telemedicine) to ensure expert input on managing their patients (strong, low).
IV. Which patients with a diabetic foot infection should I
hospitalize, and what criteria should they meet before I discharge them?
Recommendations
14. We recommend that all patients with a severe infection, selected patients with a moderate infection with complicating features (eg, severe peripheral arterial disease [PAD] or lack of home support), and any patient unable to comply with the required outpatient treatment regimen for psychological or social reasons be hospitalized initially. Patients who do not meet any of these criteria, but are failing to improve with outpatient therapy, may also need to be hospitalized (strong, low). 15 . We recommend that prior to being discharged, a patient with a DFI should be clinically stable; have had any urgently needed surgery performed; have achieved acceptable glycemic control; be able to manage (on his/her own or with help) at the designated discharge location; and have a welldefined plan that includes an appropriate antibiotic regimen to which he/she will adhere, an off-loading scheme (if needed), specific wound care instructions, and appropriate outpatient follow-up (strong, low).
V. When and how should I obtain specimen(s) for culture from a patient with a diabetic foot wound?
16. For clinically uninfected wounds, we recommend not collecting a specimen for culture (strong, low).
17. For infected wounds, we recommend that clinicians send appropriately obtained specimens for culture prior to starting empiric antibiotic therapy, if possible. Cultures may be unnecessary for a mild infection in a patient who has not recently received antibiotic therapy (strong, low).
18. We recommend sending a specimen for culture that is from deep tissue, obtained by biopsy or curettage after the wound has been cleansed and debrided. We suggest avoiding swab specimens, especially of inadequately debrided wounds, as they provide less accurate results (strong, moderate).
VI. How should I initially select, and when should I modify, an antibiotic regimen for a diabetic foot infection? (See question VIII for recommendations for antibiotic treatment of osteomyelitis)
19. We recommend that clinically uninfected wounds not be treated with antibiotic therapy (strong, low). 20 . We recommend prescribing antibiotic therapy for all infected wounds, but caution that this is often insufficient unless combined with appropriate wound care (strong, low). 21 . We recommend that clinicians select an empiric antibiotic regimen on the basis of the severity of the infection and the likely etiologic agent(s) (strong, low).
a. For mild to moderate infections in patients who have not recently received antibiotic treatment, we suggest that therapy just targeting aerobic GPC is sufficient (weak, low). b. For most severe infections, we recommend starting broad-spectrum empiric antibiotic therapy, pending culture results and antibiotic susceptibility data (strong, low). c. Empiric therapy directed at Pseudomonas aeruginosa is usually unnecessary except for patients with risk factors for true infection with this organism (strong, low). d. Consider providing empiric therapy directed against methicillin-resistant Staphylococcus aureus (MRSA) in a patient with a prior history of MRSA infection; when the local prevalence of MRSA colonization or infection is high; or if the infection is clinically severe (weak, low). 22 . We recommend that definitive therapy be based on the results of an appropriately obtained culture and sensitivity testing of a wound specimen as well as the patient's clinical response to the empiric regimen (strong, low). 23 . We suggest basing the route of therapy largely on infection severity. We prefer parenteral therapy for all severe, and some moderate, DFIs, at least initially (weak, low), with a switch to oral agents when the patient is systemically well and culture results are available. Clinicians can probably use highly bioavailable oral antibiotics alone in most mild, and in many moderate, infections and topical therapy for selected mild superficial infections (strong, moderate).
24. We suggest continuing antibiotic therapy until, but not beyond, resolution of findings of infection, but not through complete healing of the wound (weak, low). We suggest an initial antibiotic course for a soft tissue infection of about 1-2 weeks for mild infections and 2-3 weeks for moderate to severe infections (weak, low).
VII. When should I consider imaging studies to evaluate a diabetic foot infection, and which should I select?
Recommendations 25. We recommend that all patients presenting with a new DFI have plain radiographs of the affected foot to look for bony abnormalities (deformity, destruction) as well as for soft tissue gas and radio-opaque foreign bodies (strong, moderate). 26. We recommend using magnetic resonance imaging (MRI) as the study of choice for patients who require further (ie, more sensitive or specific) imaging, particularly when soft tissue abscess is suspected or the diagnosis of osteomyelitis remains uncertain (strong, moderate). 27. When MRI is unavailable or contraindicated, clinicians might consider the combination of a radionuclide bone scan and a labeled white blood cell scan as the best alternative (weak, low).
VIII. How should I diagnose and treat osteomyelitis of the foot in a patient with diabetes?
28. Clinicians should consider osteomyelitis as a potential complication of any infected, deep, or large foot ulcer, especially one that is chronic or overlies a bony prominence (strong, moderate).
29. We suggest doing a PTB test for any DFI with an open wound. When properly conducted and interpreted, it can help to diagnose (when the likelihood is high) or exclude (when the likelihood is low) diabetic foot osteomyelitis (DFO) (strong, moderate).
30. We suggest obtaining plain radiographs of the foot, but they have relatively low sensitivity and specificity for confirming or excluding osteomyelitis (weak, moderate). Clinicians might consider using serial plain radiographs to diagnose or monitor suspected DFO (weak, low).
31. For a diagnostic imaging test for DFO, we recommend using MRI (strong, moderate). However, MRI is not always necessary for diagnosing or managing DFO (strong, low).
32. If MRI is unavailable or contraindicated, clinicians might consider a leukocyte or antigranulocyte scan, preferably combined with a bone scan (weak, moderate). We do not recommend any other type of nuclear medicine investigations (weak, moderate). 33 . We suggest that the most definitive way to diagnose DFO is by the combined findings on bone culture and histology (strong, moderate). When bone is debrided to treat osteomyelitis, we suggest sending a sample for culture and histology (strong, low).
34. For patients not undergoing bone debridement, we suggest that clinicians consider obtaining a diagnostic bone biopsy when faced with specific circumstances, eg, diagnostic uncertainty, inadequate culture information, failure of response to empiric treatment (weak, low).
35. Clinicians can consider using either primarily surgical or primarily medical strategies for treating DFO in properly selected patients (weak, moderate). In noncomparative studies each approach has successfully arrested infection in most patients. 36 . When a radical resection leaves no remaining infected tissue, we suggest prescribing antibiotic therapy for only a short duration (2-5 days) (weak, low). When there is persistent infected or necrotic bone, we suggest prolonged (≥4 weeks) antibiotic treatment (weak, low).
37. For specifically treating DFO, we do not currently support using adjunctive treatments such as hyperbaric oxygen therapy, growth factors (including granulocyte colonystimulating factor), maggots (larvae), or topical negative pressure therapy (eg, vacuum-assisted closure) (weak, low).
IX. In which patients with a diabetic foot infection should I consider surgical intervention, and what type of procedure may be appropriate?
38. We suggest that nonsurgical clinicians consider requesting an assessment by a surgeon for patients with a moderate or severe DFI (weak, low).
39. We recommend urgent surgical intervention for most foot infections accompanied by gas in the deeper tissues, an abscess, or necrotizing fasciitis, and less urgent surgery for wounds with substantial nonviable tissue or extensive bone or joint involvement (strong, low).
40. We recommend involving a vascular surgeon early on to consider revascularization whenever ischemia complicates a DFI, but especially in any patient with a critically ischemic limb (strong, moderate).
41. Although most qualified surgeons can perform an urgently needed debridement or drainage, we recommend that in DFI cases requiring more complex or reconstructive procedures, the surgeon should have experience with these problems and adequate knowledge of the anatomy of the foot (strong, low).
X. What types of wound care techniques and dressings are appropriate for diabetic foot wounds?
42. Diabetic patients with a foot wound should receive appropriate wound care, which usually consists of the following: a. Debridement, aimed at removing debris, eschar, and surrounding callus (strong, moderate). Sharp (or surgical) methods are generally best (strong, low), but mechanical, autolytic, or larval debridement techniques may be appropriate for some wounds (weak, low). b. Redistribution of pressure off the wound to the entire weight-bearing surface of the foot ("off-loading").
While particularly important for plantar wounds, this is also necessary to relieve pressure caused by dressings, footwear, or ambulation to any surface of the wound (strong, high). c. Selection of dressings that allow for moist wound healing and control excess exudation. The choice of dressing should be based on the size, depth, and nature of the ulcer (eg, dry, exudative, purulent) (strong, low). 43. We do not advocate using topical antimicrobials for treating most clinically uninfected wounds.
44. No adjunctive therapy has been proven to improve resolution of infection, but for selected diabetic foot wounds that are slow to heal, clinicians might consider using bioengineered skin equivalents (weak, moderate), growth factors (weak, moderate), granulocyte colony-stimulating factors (weak, moderate), hyperbaric oxygen therapy (strong, moderate), or negative pressure wound therapy (weak, low).
INTRODUCTION
Foot infections in persons with diabetes are an increasingly common problem and are associated with potentially serious sequelae. The continued rise in incidence of diabetes in developed, and to an even greater degree in many lesser-developed, countries, the increasing body weight of many diabetic patients, and their greater longevity all contribute to the growth of this problem. Diabetic foot infections (DFIs) usually arise either in a skin ulceration that occurs as a consequence of peripheral (sensory and motor) neuropathy or in a wound caused by some form of trauma. Various microorganisms inevitably colonize the wound; in some patients 1 or more species of organisms proliferate in the wound, which may lead to tissue damage, followed by a host response accompanied by inflammation, that is, clinical infection. These infections can then spread contiguously, including into deeper tissues, often reaching bone. Even when DFIs are acute and relatively mild, they usually cause major morbidity, including physical and emotional distress and lost mobility, as well as substantial direct and indirect financial costs.
If the infection progresses, many patients require hospitalization and, all too often, surgical resections or an amputation. Diabetic foot complications continue to be the main reason for diabetes-related hospitalization and lower extremity amputations. The most recent data from the US Centers for Disease Control and Prevention (CDC) show that the annual number of hospitalizations for diabetic foot "ulcer/infection/inflammation" continued to rise steadily from 1980 to 2003, when it exceeded 111 000, thereby surpassing the number attributed to peripheral arterial disease (PAD) [7] . Not surprisingly, the annual number of hospital discharges for nontraumatic lower extremity amputations also increased steadily in the early 1990s, but fortunately have recently leveled off to 71 000 in 2005 [8] . The additional good news is that the annual rate of amputations in the United States has almost halved in the past decade, to 4.6 per 1000 persons with diabetes, and most of this decrease has been in major (above the ankle) amputations [9] . These findings differ, however, from those in a more recent study from the United Kingdom, which found that between 1996 and 2005, while the number of amputations in patients with type 1 diabetes decreased substantially, in those with type 2 diabetes the number of minor amputations almost doubled and major amputations increased >40% [10] . Unfortunately, many diabetic patients who undergo a lower extremity amputation have a very poor quality of life and have a 5-year mortality rate similar to that of some of the most deadly cancers [11] .
Since the publication of the initial DFI guidelines in 2004, we have learned a good deal about this complex problem. The Thomson Reuters ISI Web of Science for 2010 exemplifies the steadily increasing number of published reports on DFIs; the yearly number of published items rose from <than 20 in the 1990s to about 100 in the past few years (http://pcs. isiknowledge.com/). Two series of prospective observations from Europe exemplify the rigorous approach that is now beginning to provide the evidence we need to better manage DFIs. In 2010 the Observational Study of the Infected Diabetic Foot reported its findings on 291 evaluable consecutively enrolled patients hospitalized with a DFI at any of 38 specialized hospital centers [12] . Among their findings were the following: almost all of the patients had peripheral neuropathy; more than half had PAD; and nearly half had evidence of osteomyelitis. In the year prior to hospitalization, 40% had a history of an infected foot ulcer ( perhaps implying inadequate outpatient care); most infections involved the toes (45%) or forefoot (34%) and were of moderate severity (by Infectious Diseases Society of America [IDSA] criteria). Clinicians performed cultures on 86% of patients (usually by swabbing the wound) and initiated antibiotic therapy for all patients (half of whom had received antibiotic therapy in the preceding 3 months) with a total of 62 combinations of agents. Highly noteworthy is that in 56% of patients the initial antibiotic regimen was changed, mainly because of a mismatch with the culture susceptibility results. The median duration of hospitalization was 3 weeks and 35% of patients underwent some type of lower extremity amputation. Overall, 48% of patients had an unfavorable outcome of hospitalization. Worse, in follow-up a year after discharge, an additional 19% of patients had had an amputation and 21% of the nonamputated patients had persistent or recurrent infection of the site, meaning that <30% of the enrolled patients had a healed wound. The presence of PAD was significantly associated with a poor outcome, yet it was often not addressed by the treating clinicians.
Another enlightening series of investigations conducted in the past decade by the Eurodiale study group, a consortium of 14 centers of expertise in the field of diabetic foot disease, has greatly increased our knowledge on the epidemiology of this problem. During one year (2003) (2004) , 1229 consecutive patients presenting with a new foot ulcer, 27% of whom were hospitalized, were enrolled in an observational, prospective data collection study. At enrollment, more than one-quarter of the patients had been treated for >3 months before being referred to a foot clinic and more than three-quarters had not had adequate wound off-loading. Half of the patients had PAD and 58% of the foot ulcers were clinically infected; the one-third of patients with both neuropathy and PAD had more severe infections and underlying comorbidities [13] . After 1 year of follow-up, 23% of the patients had not healed their foot ulcer; among independent baseline predictors of nonhealing, PAD was key, and infection was a predictor only in patients with PAD [14] . Infection was also 1 of 4 independent predictors of minor amputation in these patients [15] . The highest costs per patient were those for hospitalization, antibiotic therapy, and surgery, and these increased with the severity of disease. The total cost per patient was >4 times higher for patients with infection and PAD than for those with neither [16] . Based on other recent studies and the collective experience of the panel members, we believe that the following conclusions of the Eurodiale investigators apply to all parts of the world: treatment of many DFI patients is not in line with current guidelines; there are great variations in management among different countries and centers; currently available guidelines are too general, lacking specific guidance; and, healthcare organizational barriers and personal beliefs result in underuse of recommended therapies [17] .
Can we do better? Unquestionably. For >20 years, studies in many settings have reported improvements in outcomes with DFIs (especially reduced major amputation rates) when patients are cared for in specialty diabetic foot clinics or by specialized inpatient foot teams. A key factor in this success has been the multidisciplinary nature of the care. A decade ago Denmark established a multidisciplinary wound healing center and integrated diabetic foot care as an expert function in their national healthcare organization. They found that the center broadly enhanced the knowledge and understanding of wound problems, improved healing rates in patients with leg ulcers, and decreased rates of major amputations [18] . We agree with their conclusion that this model, with minor adjustments for local conditions, is applicable for most industrialized and developing countries. More recently, a report from one city in Germany showed a 37% reduction in the incidence of nontraumatic lower limb amputations (mostly in diabetic patients) when comparing data from 1990-1991 to those from 1994-2005, likely as a consequence of introducing a network of specialized physicians and defined clinical pathways for diabetic foot wound treatment and metabolic control [19] .
One UK hospital reduced the total incidence of amputations by 40% and major amputations by 62% over an 11-year period following improvements (including multidisciplinary team work) in foot care services [20] . They made the important observation that when they lost financial support for the multidisciplinary team the rates of amputation rose, but they fell again with renewed support. Recent studies have shown that adopting even relatively simple protocols with no increase in staffing can lead to improved outcomes and lower costs [21] . Hospitals in small or underdeveloped areas have also shown statistically significant improvements in outcomes of DFI after adopting systems of education and applying multidisciplinary protocols [22] . We agree with the conclusions of the authors of a study that used a risk-based Markov analysis of data from Dutch studies that "management of the diabetic foot according to guideline-based care improves survival, reduces diabetic foot complications, and is cost-effective and even cost saving compared with standard care" [23] .
Recently, the UK National Institute for Clinical Excellence (NICE) Guideline Development group published guidance for inpatient management of diabetic foot problems on the basis of a systematic review of published data [24] . We largely agree with their recommendations and offer this brief summary. Each hospital should have a care pathway for inpatients with a diabetic foot problem, including any break in the skin, inflammation, swelling, gangrene, or signs of infection. Optimally, a multidisciplinary foot care team comprised of professionals with the needed specialist skills should evaluate the patient's response to medical, surgical, and diabetes management within 24 hours of the initial examination. This evaluation will include determining the need for specialist wound care, debridement, pressure off-loading, or any other vascular or surgical interventions; reviewing the treatment of any infection (with antibiotic therapy based on guidelines established by each hospital); and assessing the need for interventions to prevent other foot deformities or recurrent foot problems [24] . The foot care team should also help to arrange discharge planning for both primary (and/or community) and specialist care.
Another logical way of improving care would be to further empower those with most at stake-persons with diabetes. Although we know a good deal about how to prevent diabetic foot wounds [25] , few studies have investigated the value of educating diabetic patients. In one prospective controlled study, providing patients with computerized information on preventive measures (including foot care) improved the use of screening tests by their providers [26] . We think we now have the knowledge to dramatically improve outcomes in patients presenting with a DFI. What we most need is the administrative will and support to ensure that various types of clinicians are educated about their respective roles, that clinicians and healthcare institutions assess and attempt to improve their outcomes, and that patients have ready access to appropriate care.
Most of the information contained in the previous DFI guideline is still applicable. Having produced an extensive and heavily referenced work in 2004, our goal with this revision of the guideline was to reformat it in the new IDSA style and make it a companion to the previous work that not only updates our recommendations on the basis of recent data, but to make them relatively simple and, we hope, clear. We elected to address 10 clinical questions in the current guideline:
(I) In which diabetic patients with a foot wound should I suspect infection, and how should I classify it?
(II) How should I assess a diabetic patient presenting with a foot infection?
(III) When and from whom should I request a consultation for a patient with a diabetic foot infection?
(IV) Which patients with a diabetic foot infection should I hospitalize, and what criteria should they meet before I discharge them?
(V) When and how should I obtain specimen(s) for culture from a patient with a diabetic foot wound?
(VI) How should I initially select, and when should I modify, an antibiotic regimen for a diabetic foot infection?
(VII) When should I consider imaging studies to evaluate a diabetic foot infection, and which should I select?
(VIII) How should I diagnose and treat osteomyelitis of the foot in a patient with diabetes? (IX) In which patients with a diabetic foot infection should I consider surgical intervention, and what type of procedure may be appropriate?
(X) What types of wound care techniques and dressings are appropriate for diabetic foot wounds?
PRACTICE GUIDELINES
"Practice guidelines are systematically developed statements to assist practitioners and patients in making decisions about appropriate healthcare for specific clinical circumstances" [27] . Attributes of high-quality guidelines include validity, reliability, reproducibility, clinical applicability, clinical flexibility, clarity, multidisciplinary process, review of evidence, and documentation [27] .
METHODS

Panel Composition
We convened a panel of 12 experts, including specialists in infectious diseases, primary care/general internal medicine, hospital medicine, wound care, podiatry, and orthopedic surgery. The panel included physicians with a predominantly academic position, those who are mainly clinicians, and those working in varied inpatient and outpatient settings. Among the 12 panel members, 6 had been on the previous DFI guideline panel, and 4 are based outside the United States.
Literature Review and Analysis
Following the IDSA format, the panel selected the questions to address and assigned each member to draft a response to at least 1 question in collaboration with another panel member. Panel members thoroughly reviewed the literature pertinent to the selected field. In addition, the panel chair searched all available literature, including PubMed/Medline, Cochrane Library, EBSCO, CINAHL, Google Scholar, the National Guidelines Clearinghouse, ClinicalTrials.gov, references in published articles, pertinent Web sites, textbooks, and abstracts of original research and review articles in any language on foot infections in persons with diabetes. For the past 8 years the chair has also conducted a prospective systematic literature search, using a strategy developed with the help of a medical librarian, for a weekly literature review for updates on any aspect of DFIs in all languages.
The panel chair also searched publications listed in PubMed from 1964 to January 2011 to find articles that assessed diabetic patients for risk factors for developing a foot infection using the following query: ("diabetic foot" [ 
Process Overview
In updating this guideline the panel followed the newly created Grading of Recommendations Assessment, Development and Evaluation (GRADE) system recommended by IDSA [1, [3] [4] [5] [6] . This included systematically weighting the quality of the available evidence and grading our recommendations. To evaluate evidence, the panel followed a process consistent with other IDSA guidelines, including a systematic weighting of the quality of the evidence and the grade of recommendation (Table 1) [1-6, 28, 29] . High-quality evidence does not necessarily lead to strong recommendations; conversely, strong recommendations can arise from low-quality evidence if one can be confident that the desired benefits clearly outweigh the undesirable consequences. The main advantages of the GRADE approach are the detailed and explicit criteria for grading the quality of evidence and the transparent process for making recommendations [1-6, 28, 29] .
This system requires that the assigned strength of a recommendation be either "strong" or "weak." The main criterion for assigning a "strong" recommendation is that the potential benefits clearly outweigh the potential risks. The panel chair and vice-chair reviewed all the recommendation gradings and then worked with the panel to achieve consensus via teleconference and e-mail.
Consensus Development Based on Evidence
Most of the panel members met in person twice, at the time of the 2007 and 2008 IDSA annual meetings. They also held 2 teleconferences and frequently corresponded electronically. The chair presented a preliminary version of the guidelines at the 2009 IDSA annual meeting and sought feedback by distributing a questionnaire to those attending the lecture. All members of the panel participated in the preparation of questions for the draft guideline, which were then collated and revised by the chair and vice-chair, and this draft was disseminated for review by the entire panel. The guideline was reviewed and endorsed by the Society of Hospital Medicine and the American Podiatric Medical Association. We also sought and received extensive feedback from several external reviewers, and the guideline manuscript was reviewed and approved by the IDSA Standards and Practice Guidelines Committee (SPGC) and by the IDSA Board of Directors.
Guidelines and Conflicts of Interest
All members of the expert panel complied with the IDSA policy regarding conflicts of interest, which requires disclosure of any financial or other interest that might be construed as constituting an actual, potential, or apparent conflict. Members of the expert panel were provided a conflicts of interest disclosure statement from IDSA and were asked to identify ties to companies developing products that might be affected by promulgation of the guideline. The statement requested information regarding employment, consultancies, stock ownership, honoraria, research funding, expert testimony, and membership on company advisory committees. The panel was instructed to make decisions on a case-by-case basis as to whether an individual's role should be limited as a result of a conflict, but no limiting conflicts were identified.
Revision Dates
At annual intervals, the panel chair, the liaison advisor, and the chair of the SPGC will determine the need for revisions to the updated guideline based on an examination of current literature. If necessary, the entire panel will reconvene to discuss potential changes. When appropriate, the panel will recommend full revision of the guideline to the IDSA SPGC and the board for review and approval.
RECOMMENDATIONS FOR MANAGING DIABETIC FOOT INFECTIONS
Recommendations
1. Clinicians should consider the possibility of infection occurring in any foot wound in a patient with diabetes (strong, low). Evidence of infection generally includes classic signs of inflammation (redness, warmth, swelling, tenderness, or pain) or purulent secretions but may also include additional or secondary signs (eg, nonpurulent secretions, friable or discolored granulation tissue, undermining of wound edges, foul odor) (strong, low).
Evidence Summary
When to Suspect Infection. Any foot wound in a patient with diabetes may become infected. Traditional inflammatory signs of infection are redness (erythema or rubor), warmth (calor), swelling or induration (tumor), tenderness and pain (dolor), and purulent secretions. Some infected patients may not manifest these findings, especially those who have peripheral neuropathy (leading to an absence of pain or tenderness) or limb ischemia (decreasing erythema, warmth, and possibly induration). In this situation, some evidence supports the correlation of additional or secondary findings, for example, nonpurulent secretions, friable or discolored granulation tissue, undermining of the wound edges, or a foul odor, with evidence of infection [30] . However, none of these findings, either alone or in combination, correlate with a high colony count of bacteria in a wound biopsy [31] . Since the original IDSA DFI guidelines, we have advocated using the presence of ≥2 of the classic findings of inflammation to characterize a wound as infected. Although this definition is based only on expert consensus opinion, it has been used as the diagnostic criterion in many studies of DFI, including some used by the US Food and Drug Administration (FDA) to approve specific antibiotic agents for treating DFIs.
During the systematic review of the literature (see Introduction) we found 177 studies that identified risk factors for developing a foot infection in persons with diabetes. Identification of risk factors for DFI was the objective in only 2 studies [32, 33] . In one instance, factors that were significantly associated (by multivariate analysis) with developing a foot infection included having a wound that extended to bone (based on a positive PTB test; odds ratio [OR], 6.7); a foot ulcer with a duration >30 days (OR, 4.7); a history of recurrent foot ulcers (OR, 2.4); a wound of traumatic etiology (OR, 2.4); or peripheral vascular disease, defined as absent peripheral arterial pulsations or an ankle-brachial index (ABI) of <0.9 (OR, 1.9) [32] . Among 199 episodes of DFI, only 1 infection occurred in a patient without a previous or concomitant foot ulcer. In the second study, a retrospective review of 112 patients with a severe DFI, multivariate analysis identified 3 factors that were associated with developing a foot infection: a previous amputation (OR, 19.9); peripheral vascular disease, defined as any missing pedal pulsation or an ABI of <0.8 (OR, 5.5); or loss of protective sensation (OR, 3.4). Psychological and economic factors did not contribute significantly to infection [33] .
Several other studies examined the association between a specific medical condition and various diabetic foot complications, including infections. These types of studies lack a control group of patients without foot infection and are therefore subject to selection bias. Some studies, each of which was retrospective and reported only a small number of cases, have suggested an association between renal failure and DFI [34] [35] [36] . Finally, a report from Sri Lanka found that, compared to patients who wore shoes, those who walked barefoot for >10 hours per day had more web space and nail infections (14% vs 40%, respectively, P < .01) [37] .
How to Classify Infection. In most published classification schemes, assessing infection is a subsection of a broader wound classification. These classification systems each have somewhat different purposes, and there is no consensus on which to use [38, 39] . Some classifications, including the Meggitt-Wagner [40] and SINBAD (site, ischemia, neuropathy, bacterial infection, and death) [41] , subjectively categorize infection only dichotomously, that is, as present or absent, and without clear definitions. We briefly summarize the key features of commonly used diabetic foot classification schemes and wound scoring systems.
IWGDF (PEDIS) and IDSA. IWGDF developed a system for classifying diabetic foot wounds that uses the acronym PEDIS, which stands for perfusion, extent (size), depth (tissue loss), infection, sensation (neuropathy). While originally developed as a research tool [39] , it offers a semiquantitative gradation for the severity of each of the categories. The infection part of the classification differs only in small details from the classification developed by IDSA, and the 2 classifications are shown in Table 2 . Major advantages of both classifications are clear definitions and a relatively small number of categories, making them more user-friendly for clinicians having less experience with diabetic foot management. Importantly, the IDSA classification has been prospectively validated [13, 42, 43] as predicting the need for hospitalization (in one study, 0 for no infection, 4% for mild, 52% for moderate, and 89% for severe infection) and for limb amputation (3% for no infection, 3% for mild, 46% for moderate, and 70% for severe infection) [42] .
Other Diabetic Foot Wound Classification Schemes.
• Wagner-Wagner, in collaboration with Meggitt, developed perhaps the first, and still among the most widely used, classification schemes for diabetic foot wounds [40, 44] . It assesses ulcer depth and the presence of infection and gangrene with grades ranging from 0 ( pre-or postulcerative) to 5 (gangrene of the entire foot). The system only deals explicitly with infections of all types (deep wound abscess, joint sepsis, or osteomyelitis) in grade 3.
• S(AD)/SAD-This is an acronym for 5 key points of foot ulcers: size, (area, depth), sepsis (infection), arteriopathy, and denervation [45] . Each point has 4 grades, thus creating a semiquantative scale. Infection is graded as none, surface only, cellulitis, and osteomyelitis; these are not further defined. One study reported good interobserver agreement [45] . Unlike the other key points, studies have not shown infection to be related to outcome of the foot ulcer [45, 46] . The SINBAD ulcer classification is a simplified version of the S(AD)/SAD system with a decreased number of grades of infection ( present or absent) [41] .
• University of Texas (UT) ulcer classification [47] -This system has a combined matrix of 4 grades (related to the depth of the wound) and 4 stages (related to the presence or absence of infection or ischemia). The classification successfully predicted a correlation of the likelihood of complications in patients with higher stages and grades and a significantly higher amputation rate in wounds deeper than superficial ulcers [47] . A study in Brazil compared the UT and the S(AD)/SAD and SINBAD systems and found that all 3 predicted the outcomes of diabetic foot ulcers; the association of outcome with infection was stronger than that reported from the centers in Europe or North America [48] .
• Ulcer Severity Index [49] -This index measures 20 clinical parameters and allows determination of an infection score by combining the scores for erythema, edema, and purulence, while counting exposed bone separately. In 1 study, presence or absence of infection in this index was not associated with a difference in wound healing [49] .
• Diabetic Ulcer Severity Score (DUSS) and MAID [50, 51]-These scoring systems are based on specific wound characteristics associated with stages of wound repair. Studies have found no significant correlation between soft tissue infection and wound healing, although there was a trend toward more infection in the higher-risk groups [50, 51] .
• DFI Wound Score [52]-Lipsky et al developed this 10- item scoring system to measure outcomes in studies of various antimicrobial treatments for DFIs (Table 3 ). The score consists of a semiquantitative assessment of the presence of signs of inflammation, combined with measurements of wound size and depth. Explicit definitions allow numerical scoring of wound parameters. An evaluation of the wound score calculated for 371 patients with DFI demonstrated that it significantly correlated with the clinical response and that scores demonstrated good internal consistency [52] . Patients with more severe wounds had higher scores; clinical response was favorable at the follow-up assessment in 94.8% with a baseline score <12 compared with 77.0% with a score >19. Surprisingly, excluding scores for wound discharge ( purulent and nonpurulent), leaving an 8-item score, provided better measurement statistics [52] . The DFI Wound Score appears to be a useful tool for predicting clinical outcomes in treatment trials, but its complexity requires clinicians to use a scoring sheet [52] . Comparison of Classifications in the Literature. Each of these classifications may be used in clinical practice, but they have not been compared in a large prospective trial. The PEDIS, IDSA, UT, and S(AD)SAD classification systems are fairly simple to use and appear to help predict outcomes. The DFI and DUSS wound scores are relatively complex, but each has been validated in large research trials (Table 2 ) [52, 53] . 
IDSA Infection Severity
No symptoms or signs of infection 1 Uninfected Infection present, as defined by the presence of at least 2 of the following items:
• Local swelling or induration • Erythema • Local tenderness or pain • Local warmth • Purulent discharge (thick, opaque to white or sanguineous secretion)
Local infection involving only the skin and the subcutaneous tissue (without involvement of deeper tissues and without systemic signs as described below). If erythema, must be >0.5 cm to ≤2 cm around the ulcer. Exclude other causes of an inflammatory response of the skin (eg, trauma, gout, acute Charcot neuro-osteoarthropathy, fracture, thrombosis, venous stasis).
Mild
Local infection (as described above) with erythema > 2 cm, or involving structures deeper than skin and subcutaneous tissues (eg, abscess, osteomyelitis, septic arthritis, fasciitis), and No systemic inflammatory response signs (as described below) 3 Moderate Local infection (as described above) with the signs of SIRS, as manifested by ≥2 of the following:
• Temperature >38°C or <36°C
• Heart rate >90 beats/min Recommendations 4. Clinicians should evaluate a diabetic patient presenting with a foot wound at 3 levels: the patient as a whole, the affected foot or limb, and the infected wound (strong, low).
Evidence Summary
The evaluation of a DFI should occur at 3 levels: first the patient as a whole, then the affected foot and limb, and finally the wound. The goal is to determine the extent of infection (local and systemic), its microbial etiology, the pathogenesis of the wound, and the presence of any contributing biomechanical, vascular, or neurological abnormalities [54] . Most DFIs start in a skin ulceration [53] . Risk factors for these ulcers include complications of diabetes, for example, the presence of peripheral neuropathy (motor, sensory, or autonomic), peripheral vascular disease, neuro-osteoarthropathy, and impaired wound healing, as well as various patient comorbidities (eg, retinopathy or nephropathy) and maladaptive behaviors [53] . Diabetes also is associated with immunological perturbations, especially reduced polymorphonuclear leukocyte function, but also impaired humoral and cell-mediated immunity [55] . Importantly, local and systemic inflammatory responses to infection may be diminished in patients with peripheral neuropathy or arterial insufficiency. Because of the complex nature of DFI and the potential for rapid worsening (sometimes within hours), the clinician must assess the patient promptly, methodically, and repeatedly. The initial assessment should also include an evaluation of the patient's social situation and psychological state, which may influence his or her ability to comply with recommendations and appear to influence wound healing [43, 56, 57] .
Systemic symptoms and signs of infection include fever, chills, delirium, diaphoresis, anorexia, hemodynamic instability (eg, tachycardia, hypotension), and metabolic derangements (eg, acidosis, dysglycemia, electrolyte abnormalities, worsening azotemia). Laboratory markers suggesting systemic infection include leukocytosis, a left-shifted leukocyte differential, and elevated inflammatory markers (eg, erythrocyte sedimentation rate [ESR], C-reactive protein [CRP] ). An elevated level of procalcitonin has recently been found to be a useful adjunct to diagnosing various bacterial infections, including DFI. Two prospective studies [43, 57] of patients with a diabetic foot ulcer have shown that procalcitonin levels (using reported cutoff values of 17 mg/L and 0.08 ng/mL, respectively) correlate more accurately with clinical evidence of infection (using the IDSA criteria) than levels of white blood cells, ESR, or CRP. Levels of CRP and procalcitonin, especially when these values were combined, accurately distinguished clinically uninfected ulcers from those with mild or moderate infections [43] . We would welcome additional large studies of this biomarker in DFIs. The 10-item score: purulent discharge, nonpurulent discharge, erythema, induration, tenderness, pain, warmth, size, depth, undermining. The 8-item score leaves out purulent and nonpurulent secretions.
Abbreviation: DFI, diabetic foot infection. a Definitions for wound parameters and wound measurement can be found in the original article [52] . b Each assessed and placed in one of the preassigned categories.
The presence of systemic signs or symptoms generally signifies severe infection with extensive tissue involvement or more virulent pathogens. Unfortunately, elevations of temperature, white blood cell count, or sedimentation rate are absent in up to one-half of patients, even with severe DFI. When present, however, elevated inflammatory markers have been shown to predict worse clinical outcomes of treatment [58] . Importantly, inflammatory markers may also have value in helping to determine when a DFI has resolved, therefore allowing discontinuation of antibiotic therapy. A larger prospective observational study noted that an elevation of CRP levels (by 1 standard deviation) a week after a patient with a DFI finished treatment was the only independent factor that predicted the need for a lower extremity amputation [59] .
Next, examine the limb and foot, especially looking for proximal spread of infection (eg, to contiguous skin, lymphatic channels, or regional lymph nodes) and evaluate the foot for deformities such as Charcot arthropathy, claw or hammer toes, bunions, or callosities. Altered biomechanics may both predispose to foot wounds and impair wound healing. Assessing the vascular supply is crucial. PAD is present in 20%-30% of persons with diabetes [13, 60, 61] and in up to 40% of those with a DFI [14] . In contrast to atherosclerosis in nondiabetic patients, which usually involves the aortoiliofemoral vessels, diabetes-associated PAD most often affects the femoral-popliteal and tibial arteries with sparing of the foot vessels. Although the presence of normal femoral, popliteal, and pedal pulses reduces the likelihood that a patient has moderate to severe PAD, this finding may be less reliable in persons with diabetes. The absence of pedal pulses suggests PAD, but this method of assessment of arterial perfusion is often unreliable, especially in persons with diabetes. Determining the ratio of systolic blood pressure in the ankle to the systolic blood pressure in the brachial artery (ABI) using sphygmomanometers and a hand-held Doppler machine (if available) is a simple, reliable, noninvasive, bedside procedure to assess for PAD [60] ; clinicians should attempt to document this in patients with a DFI, especially if pedal pulses are absent or diminished on palpation (Table 4) . Venous insufficiency may cause edema, which in turn may impede wound healing. Finally, assess for neuropathy, especially the loss of protective sensation. While there are several methods for doing this, using a 10-g nylon monofilament (Semmes-Weinstein 5.07) is perhaps the easiest and best validated [25] .
Following the above assessments, evaluate the wound. Because microorganisms colonize all wounds, infection must be diagnosed clinically (see question I) rather than microbiologically. Key factors deciding the outcome of a DFI are the wound depth and the foot tissues involved. Assessing these requires first debriding any necrotic material or callus, then gently probing the wound to uncover any abscesses, sinus tracts, foreign bodies, or evidence of bone or joint involvement. The wound size and depth should be documented, along with the extent of cellulitis and the quality and quantity of any secretions present. Occasionally, defining the extent of infection requires an imaging study (see question VII) or surgical exploration. If there is any concern for necrotizing deep space infection, request that an experienced surgeon promptly evaluate the patient. Regardless of the location of the wound, palpate the plantar arch for the presence of pain or fullness, which may indicate a deep plantar space abscess. Explore the wound with a blunt metal probe (including doing a PTB test, as described in question VIII). Properly obtained wound cultures (see question V) are useful for guiding antibiotic therapy in DFI, particularly in patients with a chronic infection or who have recently been treated with antibiotics.
III. When and from whom should I request a consultation for a patient with a diabetic foot infection? Recommendations 8. Regarding both outpatients and inpatients with a DFI, clinicians should attempt to provide a well-coordinated approach by those with expertise in a variety of specialties, preferably by a multidisciplinary diabetic foot care team (strong, moderate). Where such a team is not yet available, the primary treating clinician should try to coordinate care among consulting specialists (strong, moderate).
9. Diabetic foot care teams can include (or should have ready access to) specialists in various fields; patients with a DFI may especially benefit from consultation with an infectious disease or clinical microbiology specialist and a surgeon with experience and interest in managing DFIs (strong, low).
10. Clinicians without adequate training in wound debridement should seek consultation from more-qualified clinicians for this task, especially when extensive procedures are required (strong, low). 11. If there is clinical or imaging evidence of significant ischemia in an infected limb, we recommend that the clinician consult a vascular surgeon for consideration of revascularization (strong, moderate). 12. We recommend that clinicians unfamiliar with pressure off-loading or special dressing techniques consult foot or wound care specialists when these are required (strong, low).
DFIs may begin as a seemingly minor problem but often progress if not managed appropriately. Depending on where the patient presents for care, primary care providers, emergency department clinicians, internists, or hospitalists are often primarily responsible for initially managing a DFI. Initial management includes deciding when and with whom to consult for issues beyond the scope of practice or comfort level of the primary clinician. Providing optimal patient care usually requires involving clinicians from a variety of specialties, which may include endocrinology, dermatology, podiatry, general surgery, vascular surgery, orthopedic surgery, plastic surgery, wound care, and sometimes psychology or social work. Specialists in infectious diseases or clinical microbiology can often make a valuable contribution, especially when the DFI is severe or complex or has been previously treated or caused by antibiotic-resistant pathogens. In light of the wide variety of causative organisms and the absence of widely accepted, evidence-based antibiotic treatment algorithms, such consultation would be especially valuable for clinicians who are relatively unfamiliar with complex antibiotic therapy.
Care provided by a well-coordinated, multidisciplinary team has been repeatedly shown to improve outcomes [17, 32, [60] [61] [62] [63] [64] [65] . Two retrospective studies have shown decreased amputation rates following the establishment of multidisciplinary teams for the treatment of DFIs [66, 67] . A prospective observational study has also shown reduced rates of recurrent foot ulceration by using a multidisciplinary team approach [68] . A variant on the multidisciplinary team is the diabetic foot care rapid response team, which can potentially be comprised of an ad hoc group of clinicians who have mastered at least some of the essential skills for managing DFIs [69] . Unfortunately, even when specialist consultation is available, clinicians often do not make timely referrals to a multidisciplinary diabetic foot care team [70] . Because providers in some communities may not have ready access to specialists, they may consider consultation via electronic or telephonic arrangements (sometimes referred to as telemedicine) [71, 72] . Although using high-resolution optical equipment may be optimal [73] , even standard or video telephones have allowed expert consultation from a distance [74] .
Moderate DFI and severe DFI frequently require surgical procedures. Severe infections may be immediately life-or limb-threatening (Table 2 ) and require urgent surgical consultation [75] . The surgeon's area of specialty training is less important than his or her experience and interest in DFI and knowledge of the anatomy of the foot (see question IX). Following debridement or, when needed, a more extensive surgical procedure, the wound must be properly dressed and protected. Many types of wound dressings and off-loading devices are available (see Question X); nonspecialists who are unfamiliar with these should consult with a foot surgeon or wound care specialist.
The presence of clinically important PAD (see question II and Table 4 ) in a patient with a DFI should prompt most nonvascular specialists to seek consultation from a vascular surgeon [76] . Patients with mild to moderate arterial obstruction can usually be treated without an urgent revascularization procedure, but an ABI of <0.40 signifies severe or critical ischemia [60] . Severe arterial obstruction in persons with diabetes is often amenable to endovascular intervention, open vascular reconstruction, or both. Recent studies have demonstrated excellent outcomes in the hands of experienced surgeons [70, 77] . In special situations, the clinician caring for a patient with a DFI may need to consult specialists in fields not represented in the available team.
IV. Which patients with a diabetic foot infection should I hospitalize, and what criteria should they meet before I discharge them?
Recommendations
14. We recommend that all patients with a severe infection, selected patients with a moderate infection with complicating features (eg, severe PAD or lack of home support), and any patient unable to comply with an appropriate outpatient treatment regimen for psychological or social reasons be hospitalized initially. Patients who do not meet any of these criteria but are failing to improve with outpatient therapy may also need to be hospitalized (strong, low).
15. We recommend that prior to being discharged, a patient with a DFI should be clinically stable; have had any urgently needed surgery performed; have achieved acceptable glycemic control; be able to manage (on his/her own or with help) at the designated discharge location; and have a welldefined plan that includes an appropriate antibiotic regimen to which he/she will adhere, an off-loading scheme (if needed), specific wound care instructions, and appropriate outpatient follow-up (strong, low).
Evidence Summary
The main determinant of which patients with a DFI need to be hospitalized is the clinical severity of the infection. All patients with a severe infection (as defined by the IDSA or IWGDF classification) require hospitalization, as these are often imminently limb-threatening and, in some cases, lifethreatening. Conversely, the large majority of patients with a mild (IWGDF PEDIS grade 2) infection can be treated as outpatients, provided they are able to adhere to medical therapy and are closely followed to ensure they are improving and do not need urgent revascularization. Some individuals with a moderate (IWGDF PEDIS grade 3) infection may benefit from at least a brief course of inpatient treatment to more expeditiously obtain needed diagnostic studies and consultations and to initiate appropriate therapy. Outpatient therapy for a moderate infection is, however, often acceptable for reliable patients without critical ischemia, who do not have an urgent indication for surgical intervention [78, 79] . This includes many patients with osteomyelitis, which is usually a chronic infection that does not require urgent inpatient treatment (see question VIII).
Patients with deep foot infections often do not have fever, leukocytosis, or leftward shift in the white blood cell differential or markedly elevated acute phase serum markers, but absence of these findings does not necessarily exclude a potentially serious infection. Worsened glycemic control is often the only systemic evidence of a serious infection in this setting [80] [81] [82] . Hospitalization is sometimes needed for patients who are unable to follow the necessary regimen for their foot infection and who have no family or friends who can provide the needed support. For inpatients, prompt social work consultation, with particular attention to the patient's (or caregiver's) ability to comply with recommended wound care and offloading, may help limit the duration of hospitalization and ensure the most appropriate discharge setting.
No evidence-based admission or discharge criteria have been developed for patients with a DFI. Although hospitalization is very expensive, a brief admission is often justified by the complexities of properly evaluating the patient, setting up a treatment regimen, and educating the patient and his/her caregivers. Consider discharge when all evidence of the systemic inflammatory response syndrome has resolved, the patient is metabolically stable, and any urgently needed surgery has been performed. Achieving adequate glycemic control is important, but this will usually require titration on an outpatient basis [83, 84] . The clinicians and patient should be clear on the antibiotic regimen (type, route, and duration of therapy), the wound care plans, and the off-loading regimen, as well as the most appropriate site of care (eg, home, skilled nursing facility, outpatient infusion center). Patient and family preference will frequently play a role in these decisions, but the clinician must consider patient motivation, expected adherence to therapy, availability of home support, and third-party payer issues [85] . Lastly, the patient should have appropriate outpatient follow-up appointments set up prior to discharge, and the hospital clinician should communicate with the patient's primary care provider and any consulting clinicians, as appropriate.
Recommendations
18. We recommend sending a specimen for culture that is from deep tissue, obtained by biopsy or curettage and after the wound has been cleansed and debrided. We suggest avoiding swab specimens, especially of inadequately debrided wounds, as they provide less accurate results (strong, moderate).
Evidence Summary
Because patients with clinically uninfected wounds rarely require antibiotic therapy, these wounds usually should not be cultured unless there is a reason to identify colonizing organisms for epidemiologic purposes. In patients with a clinically infected wound, however, properly obtained wound cultures provide highly useful information for guiding antibiotic therapy, particularly in those with chronic infections or who have recently been treated with antibiotics. One instance in which wound cultures may not be needed are mild infections in patients who have not recently received antibiotic therapy and who are at low risk for methicillin-resistant Staphylococcus aureus (MRSA) infection; these infections are predictably caused solely by staphylococci and streptococci.
Isolation of antibiotic-resistant organisms, particularly MRSA [86] [87] [88] [89] , but also extended-spectrum β-lactamase (ESBL)-producing gram-negative bacilli and highly resistant Pseudomonas aeruginosa [90] [91] [92] [93] [94] , is an increasing problem with DFI in most settings. Infection with these organisms requires specifically targeted antibiotic therapy, but empiric coverage in all cases is not prudent. Thus, where multidrugresistant organisms are possible pathogens, it is essential to obtain optimal wound cultures prior to initiating antibiotic therapy.
An approach to collecting specimens for culture is outlined in Table 5 . Collect culture specimens only after the wound has been cleansed and debrided and prior to initiating antibiotic therapy. A sample obtained by curettage, the scraping of tissue from the ulcer base using a dermal curette or sterile scalpel blade, more accurately identifies pathogens than does rolling a cotton swab over a wound. Although obtaining swab specimens is more convenient, they provide less accurate results, particularly if the wound has not been properly debrided. Swabs are often contaminated with normal skin flora or colonizers (thus giving false-positive cultures); they may also fail to yield deep-tissue pathogens and are less likely to grow anaerobic, and some fastidious aerobic, organisms (thus giving false-negative cultures) [95] . Furthermore, many clinical microbiology laboratories do not process swabs as rigorously as tissue specimens but merely report "mixed cutaneous flora" or "no S. aureus isolated." A recent meta-analysis of studies examining the usefulness of superficial (compared with deeper) cultures in lower extremity wounds (half of which were in diabetic patients) found that their sensitivity was 49%, specificity 62%, positive likelihood ratio (LR) 1.1, and negative LR 0.67; thus, they provide minimal utility in altering pretest probabilities [96] . For clinicians who elect to use a swab for culture, some data support employing a semiquantitative technique, like that described by Levine (rotating the swab over a 1-cm square area with sufficient pressure to express fluid from within the wound tissue) [97] . Other acceptable methods of culturing wounds include aspiration (with a sterile needle and syringe) of purulent secretions or perhaps cellulitic tissue, and tissue biopsy (usually obtained with a 4-6-mm punch device at the bedside or by resection at the time of surgery). Some microbiology laboratories can determine the quantitative count of organisms per gram of tissue, but this is rarely necessary for clinical situations [98] .
Specimens must be placed in an appropriate sterile transport system and promptly delivered to the laboratory, where they should be processed for aerobic and anaerobic cultures. Given that culture results are generally not available for 2-3 days, a Gram-stained smear (if available) can provide immediate information that may aid in initial antibiotic selection. When cultures yield multiple organisms, the Gram stain may also demonstrate which are predominant in the wound, thereby allowing tailored antibiotic therapy. Finally, the presence of polymorphonuclear leukocytes on the Gram-stained smear suggests that infection is present (ie, the equivalent of purulent secretions).
Recent studies have demonstrated that standard cultures identify only a small percentage of the microorganisms present in wounds, including DFIs [99] . Molecular microbiological techniques can detect more organisms and provide the results considerably faster [100] . In addition, molecular techniques can detect the presence of pathogen virulence factors and genes encoding for antibiotic resistance [101] . Preliminary evidence suggests that having this information when a patient presents for treatment may aid the clinician in selecting optimal antibiotic regimens, resulting in improved outcomes. In one retrospective study of chronic wounds, complete healing occurred significantly more often after the implementation of molecular diagnostics (298 of 479 [62.4%] vs 244 of 503 patients [48.5%]), the time to healing was significantly shorter (P < .05), and use of expensive "first-line" antibiotics declined in favor or targeted antibiotic therapy [102] .
Recommendations
19. We recommend that clinically uninfected wounds not be treated with antibiotic therapy (strong, low).
20. We recommend prescribing antibiotic therapy for all infected wounds but caution that this is often insufficient unless combined with appropriate wound care (strong, low).
21. We recommend that clinicians select an empiric antibiotic regimen on the basis of the severity of the infection and the likely etiologic agent(s) (strong, low).
a. For mild to moderate infections in patients who have not recently received antibiotic treatment, we suggest that therapy just targeting aerobic gram-positive cocci (GPC) is sufficient (weak, low). b. For most severe infections, we recommend starting broad-spectrum empiric antibiotic therapy, pending culture results and antibiotic susceptibility data (strong, low). c. Empiric therapy directed at P. aeruginosa is usually unnecessary except for patients with risk factors for true infection with this organism (strong, low). 
when the local prevalence of MRSA colonization or infection is high; or if the infection is clinically severe (weak, low). 22. We recommend that definitive therapy be based on the results of an appropriately obtained culture and sensitivity testing of a wound specimen as well as the patient's clinical response to the empiric regimen (strong, low).
23. We suggest basing the route of therapy largely on infection severity. We prefer parenteral therapy for all severe, and some moderate, DFIs, at least initially (weak, low), with a switch to oral agents when the patient is systemically well and culture results are available. Clinicians can probably use highly bioavailable oral antibiotics alone in most mild, and in many moderate, infections and topical therapy for selected mild superficial infections (strong, moderate).
Evidence Summary
Avoidance of Prescribing Antibiotics for Clinically Uninfected Wounds. Selecting an appropriate antibiotic regimen is an important issue in treating diabetic foot infections. Table 6 provides an overview of the key elements in making this decision.
The limited available evidence does not support using antibiotic therapy for treating clinically uninfected wounds, either to enhance healing or as prophylaxis against clinically overt infection [103, 104] . Furthermore, antibiotic use encourages antimicrobial resistance, incurs financial cost, and may cause drug-related adverse effects. Some wound specialists believe that diabetic foot wounds that lack clinical signs of infection may be "subclinically" infected-that is, they contain a high "bioburden" of bacteria (usually defined as ≥10 6 organisms per gram of tissue) that results in "critical colonization," which might impair wound healing [105, 106] . Currently, there is little evidence to support this view. When it is difficult to decide whether a chronic wound is infected (eg, when the foot is ischemic and neuropathic), it may be appropriate to seek secondary signs of infection, such as abnormal coloration, a fetid odor, friable granulation tissue, undermining of the wound edges, an unexpected wound pain or tenderness, or failure to show healing progress despite proper treatment [31] . In these unusual cases, a brief, culture-directed course of antibiotic therapy may be appropriate. Antibiotic Therapy of Clinically Infected Wounds. All clinically infected diabetic foot wounds require antibiotic therapy. Although this therapy is necessary, it is often insufficient. Successfully treating a DFI also requires appropriate wound care (vide infra) [85] .
Choosing an Antibiotic Regimen. The initial antibiotic regimen must usually be selected empirically, and it may be modified later on the basis of availability of additional clinical and microbiological information. Selecting an empiric regimen involves making decisions about the route of therapy, spectrum of microorganisms to be covered, and specific drugs to administer. These decisions should be revisited when deciding on the definitive regimen and the appropriate duration of treatment.
Initial empiric therapy should be based on the severity of the infection and on any available microbiological data, such as recent culture results and the local prevalence of pathogens, especially antibiotic-resistant strains [107, 108] . The majority of mild, and many moderate, infections can be treated with agents that have a relatively narrow spectrum, usually covering only aerobic GPC [78] . In countries with warm climates, gram-negative isolates (especially P. aeruginosa) are more prevalent. Obligate anaerobic organisms are isolated from many chronic, previously treated, or severe infections [109] [110] [111] . Although they may be more common than previously suspected [112, 113] , they are not major pathogens in most mild to moderate infections [78, 113] . There is little evidence to support the need for antianaerobic antibiotic agents in most adequately debrided DFIs. Treatment with oral antibiotic agents ( preferably ones with high bioavailability) is often appropriate for mild to moderate infections in patients without gastrointestinal absorption problems and for whom an oral agent with the appropriate spectrum is available. Limited data support using topical antimicrobial therapy for mildly infected open wounds with minimal cellulitis [114] [115] [116] . For severe infections, and for more extensive, chronic moderate infections, it is safest to promptly commence therapy with a broad-spectrum regimen. The agent(s) should have activity against GPC, as well as common gram-negative and obligate anaerobic organisms to ensure adequate tissue concentrations. For these more severe infections, it is usually safest to start with parenteral therapy, which can usually be switched to oral treatment within a few days when the patient is systemically well and culture results are available to guide the selection. Clinicians should consider the results of culture and sensitivity testing in light of the clinical response of the infection to the empiric regimen. Cultures may yield organisms that are commonly considered to be contaminants (eg, coagulasenegative staphylococci, corynebacteria), but these may be true pathogens in a DFI. Because these organisms are often resistant to the prescribed antibiotic, the clinician must decide if the preponderance of clinical and microbiologic evidence suggests they are pathogens that require targeted therapy. If the patient has had a good clinical response on the empiric therapy, the regimen may be continued, or even potentially narrowed ("deescalation" therapy). However, if the patient has not adequately responded to the empiric regimen, therapy should be broadened to include all isolated organisms.
Isolating P. aeruginosa is a particularly problematic issue because it requires specifically targeted antibiotic coverage. Although reported in many patients, it is often a nonpathogenic colonizer when isolated from wounds. Most recent studies of complicated skin and skin structure (including diabetic foot) infections in developed (especially northern) countries have reported that P. aeruginosa is isolated in <10% of wounds [117, 118] . Furthermore, even when isolated, patients often improve despite therapy with antibiotics ineffective against P. aeruginosa [79, 90, [119] [120] [121] . Conversely, in countries where P. aeruginosa is a frequent isolate [122] [123] [124] , or in patients who have been soaking their feet, who have failed therapy with nonpseudomonal therapy, or who have a severe infection, empiric antipseudomonal therapy may be advisable. Clinicians must also consider covering ESBL-producing gram-negative isolates, especially in countries in which they are relatively common [125] .
Methicillin-Resistant S. aureus. Since publication of the previous DFI guidelines, many studies have demonstrated the increasing role of MRSA in DFI [121, [126] [127] [128] [129] . Whereas some studies document MRSA in almost one-third of DFIs [86, 127] , others report rates of little more than 10% in complicated skin infections and DFIs [118, 120, 130] . A recent review of patients enrolled in 20 studies conducted from 1993 to 2007 found that the prevalence of MRSA in DFIs ranged from 5% to 30% [131] . Factors noted to increase the risk for infection with MRSA in some, but not all studies, include prior long-term or inappropriate use of antibiotics, previous hospitalization, long duration of the foot wound, the presence of osteomyelitis, and nasal carriage of MRSA. Perhaps the most reliable predictor for MRSA as a cause of a DFI is a previous history of MRSA infection [132] . Infection with MRSA may also increase the time to wound healing, the duration of hospitalization, the need for surgical procedures (including amputations), and the likelihood of treatment failure [131] . The previously emphasized differentiation between healthcareacquired and community-associated MRSA infections has become blurred [133] . There are few data comparing the efficacy of various antibiotic agents for treating MRSA. As with P. aeruginosa, some studies have shown clinical resolution of DFIs from which MRSA is cultured despite the regimen not covering this organism [79, 120] . Employing appropriate infection control measures has been shown to limit the acquisition or spread of MRSA among diabetic persons attending a foot clinic [12, 134] .
On the basis of currently available evidence, we recommend that a patient presenting with a DFI be empirically treated with an antibiotic regimen that covers MRSA in the following situations:
• The patient has a history of previous MRSA infection or colonization within the past year.
• The local prevalence of MRSA (ie, percentage of all S.
aureus clinical isolates in that locale that are methicillinresistant) is high enough ( perhaps 50% for a mild and 30% for a moderate soft tissue infection) that there is a reasonable probability of MRSA infection.
• The infection is sufficiently severe that failing to empirically cover MRSA while awaiting definitive cultures would pose an unacceptable risk of treatment failure.
For bone infections, we would recommend obtaining a specimen of bone when there is concern that MRSA is a pathogen.
Specific Antibiotic Selections. Antibiotics vary in how well they achieve therapeutic concentrations in infected diabetic foot lesions [135] [136] [137] [138] [139] [140] [141] [142] [143] [144] [145] . This is related to the pharmacodynamic properties of the specific agent and the arterial supply to the foot, rather than to diabetes per se [146] . The 2004 Diabetic Foot Guidelines document (Table 7) provides a list of published clinical trials that focused on therapy of DFIs, either exclusively or as an identified subset of a larger study. Table 7 shows the 11 studies published since that time [90, 114, 120, [147] [148] [149] [150] [151] [152] [153] [154] [155] [156] [157] [158] .
The lack of standardization among these trials, including the varied definitions of infection severity and the clinical end points used, makes it inappropriate to compare outcomes of different regimens. This fact highlights the need for a generally acceptable diabetic foot classification system. Fortunately, both the IDSA and IWGDF classifications are now widely used, allowing standardization of severity scoring in more recent DFI antibiotic trials (Table 2) .
Based on the results of the available studies, no single drug or combination of agents appears to be superior to any others [129, 159] . The study with tigecycline (currently available only as an abstract) showed that it did not meet noninferiority criteria compared with ertapenem and was associated with significantly more drug discontinuations (mostly related to nausea and vomiting) [156, 158] . Since publication of the 2004 DFI guidelines, the FDA has approved 3 antibiotics (ertapenem, linezolid, and piperacillin-tazobactam) specifically for the treatment of "complicated skin and skin structure infections including DFI," but not for any accompanying osteomyelitis. Studies of several new agents have been completed and are being analyzed, are under way, or are in the planning stages. The recently released FDA draft guidance for clinical development of antimicrobials classifies what was previously called "uncomplicated and complicated skin and skin structure infection" as "acute bacterial skin and skin structure infections" [160] . Unfortunately, it states that "[T]his guidance does not address lower extremity infections in neurologically compromised patients, such as the diabetic foot infection," making it difficult for pharmaceutical companies to know how to proceed with developing new antimicrobials for DFIs. Table 8 offers our suggestions for various empiric antibiotic regimens a clinician might consider for a DFI, based on the severity of the infection. This table differs from the one in the previous guideline in that, for simplicity, it combines moderate and severe infections in a single category. The suggested agents are derived from available published clinical trials (in particular those enrolling patients with a DFI) and our collective experience and are not meant to be inclusive of all potentially reasonable regimens (weak, low). Similar agents to those listed could be used, based on various clinical, microbiologic, epidemiologic, and financial considerations. A review of recent randomized clinical trials on antibiotic therapy of DFIs pointed out the many discrepancies among the 14 papers they included, which preclude determining the optimal regimen [161] . Prescribers should select dosages of antibiotic agents according to recommendations of the FDA (or equivalent organizations in their own Abbreviations: cSSSI, complicated skin and skin structure infection; DFI, diabetic foot infection; DFU, diabetic foot ulcer; H, hospitalized; O, outpatient; IV, intravenous; PO, oral; RCT, randomized controlled trial; RCDBT, randomized controlled double-blind trial; RCSBT, randomized controlled single-blind trial. 
Pseudomonas aeruginosa
Piperacillin-tazobactam b TID/QID dosing. Useful for broadspectrum coverage. P. aeruginosa is an uncommon pathogen in diabetic foot infections except in special circumstances (2) countries), the drug's manufacturers, and their own experience; these may then need to be modified on the basis of any relevant organ (especially renal) dysfunction and other clinical factors. Duration of Therapy. Duration of antibiotic therapy for a DFI should be based on the severity of the infection, the presence or absence of bone infection, and clinical response to therapy (Table 8) . Data from aforementioned clinical trials demonstrate that most patients with just skin and soft tissue infections do well with 1-2 weeks of treatment. Routinely prescribing antibiotics for a fixed duration may result in an insufficient or, more often, unnecessarily prolonged course of therapy. This increases cost, potential for adverse drug-related events, and risk of development of antibiotic resistance. Antibiotics can usually be discontinued once the clinical signs and symptoms of infection have resolved. There is no good evidence to support continuing antibiotic therapy until the wound is healed in order to either accelerate closure or prevent subsequent infection.
Recommendations
25. We recommend that all patients presenting with a new DFI have plain radiographs of the affected foot to look for bony abnormalities (deformity, destruction) as well as for soft tissue gas and radio-opaque foreign bodies (strong, moderate). 26. We recommend using magnetic resonance imaging (MRI) as the study of choice for patients who require additional (ie, more sensitive or specific) imaging, particularly when soft tissue abscess is suspected or the diagnosis of osteomyelitis remains uncertain (strong, moderate). 27. When MRI is unavailable or contraindicated, clinicians may consider the combination of a radionuclide bone scan and a labeled white blood cell scan as the best alternative (weak, low).
Evidence Summary
Imaging studies may help disclose or better define deep soft tissue purulent collections and are usually needed to detect pathological findings in bone. Plain radiographs may provide some information regarding the soft tissues in the patient with DFI, for example, the presence of radio-opaque foreign bodies, calcified arteries, or soft tissue gas. They are primarily used, however, to determine whether there are bony abnormalities. In this regard, plain radiographs have only moderately helpful performance characteristics, with a recent meta-analysis reporting pooled sensitivity of 0.54 and specificity of 0.68 for osteomyelitis [162] . They provide reasonably accurate information in the setting of established osteomyelitis [162] [163] [164] . Clinicians should consider radiologically evident bone destruction beneath a soft tissue ulcer to represent osteomyelitis unless proven otherwise [163] . If the films show classic changes suggestive of osteomyelitis (cortical erosion, periosteal reaction, mixed lucency, and sclerosis), and if there is little likelihood of neuro-osteoarthropathy, it is reasonable to initiate treatment for presumptive osteomyelitis, preferably Table 7 ). The only agents currently specifically FDAapproved for diabetic foot infections are shown in italics.
Narrow-spectrum agents (eg, vancomycin, linezolid, daptomycin) should be combined with other agents (eg, a fluoroquinolone) if a polymicrobial infection (especially moderate or severe) is suspected.
Use an agent active against MRSA for patients who have a severe infection, evidence of infection or colonization with this organism elsewhere, or epidemiological risk factors for MRSA infection.
Select definitive regimens after considering the results of culture and susceptibility tests from wound specimens, as well as the clinical response to the empiric regimen.
Similar agents of the same drug class can probably be substituted for suggested agents.
Some of these regimens do not have FDA approval for complicated skin and skin structure infections.
Abbreviations: CPK, creatine phosphokinase; ESBL, extended-spectrum β-lactamase; FDA, US Food and Drug Administration; IV, intravenous; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; PO, oral; QID, 4 times a day; TID, 3 times a day. a Agents approved for treating skin and skin structure infections on the basis of studies that excluded patients with diabetic foot infections (eg, ceftaroline, telavancin) are not included. b Agents shown to be effective in clinical trials including patients with diabetic foot infections.
after obtaining appropriate specimens for culture. The major limitation of sensitivity of plain films in the diagnosis of osteomyelitis is the delayed appearance of cortical changes, with radiographic abnormalities lagging clinical disease by up to a month [165] . The continued absence of any bony abnormalities on repeat radiographs taken at least a few weeks apart probably excludes osteomyelitis. The major limitation of specificity is differentiating infection from neuro-osteoarthropathy in a patient with bony destruction, especially if the patient has peripheral neuropathy. Among currently available imaging modalities, MRI provides the greatest accuracy (ie, combined sensitivity and specificity) for the detection of bone infection in the diabetic foot. One recent meta-analysis reported a pooled sensitivity of 90% and specificity of 79% for MRI in this setting [162] , whereas a more inclusive meta-analysis calculated a specificity of 82.5% with a cut point of 90% sensitivity [166] . MRI also provides optimal definition of soft tissue infection, including detecting sinus tracts, deep tissue necrosis, abscesses, and other inflammatory changes [162, 164, [166] [167] [168] [169] . Characteristic findings of diabetic foot osteomyelitis (DFO) on MRI include decreased signal intensity of affected bone on T1-weighted images and increased intensity on T2-weighted and postcontrast images. It is not necessary to administer gadolinium to detect bony changes, but it increases the sensitivity for detection of various soft tissue abnormalities [170] . MRI is also frequently useful to help determine the need for any type of surgical intervention [171] . MRI is usually not needed as a first-line investigation in cases of DFI, and potential limitations may include limited availability (precluding or delaying the study), high cost, and a lack of a musculoskeletal radiologist skilled in interpreting MRIs. Consider obtaining a MRI when there is suspicion of a deep abscess or when findings on plain radiography are equivocal for osteomyelitis. In this latter setting, no study has yet formally compared serial plain films with MRI. MRI is usually not needed to diagnose osteomyelitis in a patient with observable or palpable bone and plain radiographs suggestive of osteomyelitis in that location [172] .
When imaging beyond the capabilities of plain radiographs is needed but MRI is unavailable or contraindicated, a nuclear medicine scan is the best alternative. These scans have good sensitivity but (especially in the case of bone scans) relatively low specificity; almost any type of inflammatory condition will cause increased uptake, and the abnormalities are slow to resolve [161, 173] . Conventional bone scans (eg, 99m Tc-MDP) have little value for either screening or anatomical reference [174] . Labeled leukocyte (with either 99m Tc or 111 In) or antigranulocyte Fab fragment (eg, sulesomab) imaging [175] are the nuclear medicine procedures of choice for investigating a DFI, with an overall accuracy of 80%-85% [174] . Combining the results of bone scanning with a labeled white blood cell scan appears to provide the best scanning accuracy but is laborious, expensive, and still less specific than MRI [176] .
Although the results of one study suggested the benefit of ultrasound for diagnosing deep soft tissue infection and perhaps osteomyelitis in the diabetic foot [177] , there have been no further reports. Preliminary data suggest a possible role for combined fluorodeoxyglucose-positron emission tomography/ computed tomography (CT) (or MRI), although the utility and cost-effectiveness of this approach requires further study [178] [179] [180] . The same is true for using single-photon emission CT (SPECT)/CT with bone and leukocyte scanning [181] . Standard CT scanning is more sensitive than plain radiography (and in some cases MRI) in detecting cortical disruption, periosteal reaction, and sequestrae, but has relatively low specificity and plays a limited role in evaluating a DFI [182] . Distinguishing the bony changes of osteomyelitis from those of the less common entity of diabetic neuro-osteoarthropathy (Charcot foot) may be particularly challenging and requires considering clinical information in conjunction with imaging [183] . Clinical clues supporting neuro-osteoarthropathy in this context include midfoot location and absence of a soft tissue wound, whereas those favoring osteomyelitis include presence of an overlying ulcer (especially of the forefoot or heel), either alone or superimposed on Charcot changes. Findings supporting neuro-osteoarthropathy on MRI are the presence of intra-articular bodies or subchondral cysts and involvement of multiple joints; findings favoring osteomyelitis are diffuse signal enhancement involving an entire bone, replacement of fat adjacent to abnormal bone, and presence of a sinus tract [169, 170, 184] . Consultation with an experienced musculoskeletal radiologist in distinguishing between these entities is invaluable [185] .
Recommendations
29. We suggest doing a PTB test for any DFI with an open wound. When properly conducted and interpreted, it can help to diagnose (when the likelihood is high) or exclude (when the likelihood is low) DFO (strong, moderate).
32. If MRI is unavailable or contraindicated, clinicians might consider a leukocyte or antigranulocyte scan, preferably combined with a bone scan (weak, moderate). We do not recommend any other type of nuclear medicine investigations (weak, moderate). 33 . We suggest that the most definitive way to diagnose DFO is by the combined findings on bone culture and histology (strong, moderate). When bone is debrided to treat osteomyelitis, we suggest sending a sample for culture and histology (strong, low). 34. For patients not undergoing bone debridement, we suggest that clinicians consider obtaining a diagnostic bone biopsy when faced with specific circumstances, eg, diagnostic uncertainty, inadequate culture information, failure of response to empiric treatment (weak, low).
35. Clinicians can consider using either primarily surgical or primarily medical strategies for treating DFO in properly selected patients (weak, moderate). In noncomparative studies, each approach has successfully arrested infection in most patients.
36. When a radical resection leaves no remaining infected tissue, we suggest prescribing antibiotic therapy for only a short duration (2-5 days) (weak, low). When there is persistent infected or necrotic bone, we suggest prolonged (≥4 weeks) antibiotic treatment (weak, low).
Evidence Summary
Dealing with osteomyelitis is one of the more difficult and controversial aspects of the management of DFIs [165, [186] [187] [188] [189] [190] . Its presence increases the likelihood of surgical intervention, including amputation, and the recommended duration of antibiotic therapy [186] . It impairs healing of the overlying wound and acts as a focus for recurrent infection. DFO is mostly a complication of a preexisting infected foot ulcer, arising via contiguous spread following compromise of the soft tissue envelope and the periosteum. DFO may be present in up to 20% of mild to moderate infections and in 50%-60% of severely infected wounds [191] . Noninfectious neuroosteoarthropathy (Charcot foot) is sometimes difficult to distinguish from DFO, and they can coexist [183] .
Definitions. The criterion standard for diagnosing osteomyelitis is isolation of bacteria from a reliably obtained sample of bone (using measures to minimize contamination) concomitant with histological findings of inflammatory cells and osteonecrosis. Culture of the bone specimen may be falsely negative because of sampling errors, prior antibiotic therapy, or inability to culture fastidious organisms; they may also be falsely positive because of contamination by wound-colonizing flora or skin commensals. The histomorphology of uninfected bone is normal in diabetic patients, including in those with neuropathy or vasculopathy [192] . In the absence of bone culture and histopathology, a reasonable clinical definition of osteomyelitis is the observation at surgery of purulence in bone. Recently the IWGDF proposed consensus diagnostic criteria for defining osteomyelitis in the diabetic foot, stratified into 4 categories based on the results of clinical, imaging, and bone sampling methods (ranging from unlikely [<10% posttest probability], through possible [10%-50%], probable [51%-90%], and definite [>90%]) [185] . In the absence of any validation, these are currently principally for research purposes.
History and Physical Examination. Two recent systematic reviews examined studies addressing the utility of the patient's history and clinical assessment in the diagnosis of DFO [162, 164] . Using similar methodologies, both studies concluded there was no strong evidence to suggest that historical features strongly predict active osteomyelitis. We think clinicians should suspect osteomyelitis in a patient with an adequate blood supply to the affected foot when an ulcer, especially if it is deep, does not heal after at least 6 weeks of appropriate wound care and off-loading. Both the presence of any exposed bone and ulcer area larger than 2 cm 2 increase the likelihood of osteomyelitis [193] .
Neither the presence of signs of infection of the wound nor an elevated white blood cell count influences the likelihood of osteomyelitis [172, 193] . In a recent prospective cohort study, independent risk factors for osteomyelitis in a patient with infection of the foot were wounds that extended to bone or joint; previous history of a wound; and recurrent or multiple wounds [194] . Taking together clinical and laboratory findings (ulcer depth >3 mm or CRP >3.2 mg/dL, ulcer depth >3 mm or ESR >60 mm/hour) is likely to help differentiate osteomyelitis from cellulitis [195] . Although the presence of a local ulceration (toe or metatarsophalangeal joint) or a "sausage toe" (swollen, erythematous, and lacking normal contours) [196] is suggestive of the diagnosis, there is no specific clinical finding of DFO.
The true depth of an ulcer is often not clinically apparent, so explore any foot wound at each consultation with a sterile blunt metal probe (the PTB test). Any ulcer with either a positive PTB test (ie, palpable hard, gritty bone) or in which bone is visible is likely to be complicated by osteomyelitis [193] . The accuracy of the PTB test in predicting or excluding osteomyelitis is, however, directly related to the pretest likelihood (ie, the prevalence in the population under study) of osteomyelitis. Previous studies have established that in the presence of a clinically infected wound, a positive PTB test is highly suggestive of osteomyelitis, but a negative test does not exclude the diagnosis; conversely, in the case of an apparently uninfected foot wound, a positive PTB test is not specific for osteomyelitis, but this diagnosis is unlikely if the PTB test is negative [197] [198] [199] [200] [201] [202] .
Microbiology. In almost all reported DFO series, S. aureus is the most common pathogen cultured from bone samples, followed by Staphylococcus epidermidis [193, [203] [204] [205] [206] . Among the gram-negative bacilli, Escherichia coli, Klebsiella pneumoniae, and Proteus species are the most common pathogens, followed by P. aeruginosa. The frequency of isolation of obligate anaerobes (mostly Peptostreptococcus, Peptococcus, and Finegoldia magna) is low, but depends on the method by which the bone fragments are sampled and transported to the laboratory. An increasing prevalence of multiresistant bacteria, already established for soft tissue infections of the diabetic foot, has also been reported for DFO [207] .
Cultures of bone specimens provide more accurate microbiologic data for defining DFO than do those of soft tissue specimens [168, 205, [208] [209] [210] . The concordance between cultures from a soft tissue swab and bone is <50% [211] . Needle aspiration of deep soft tissue adjacent to bone is more accurate than superficial samples (swabs) [212] but does not correlate well with the results of bone biopsy cultures [213] . Unlike most previous reports, a recent nonrandomized study in patients undergoing surgery for various types of osteomyelitis found that obtaining 2 consecutive deep sinus tract cultures (after cleansing the orifice) correlated well with the results of bone culture if the infection was monomicrobial (typically staphylococci or streptococci) [214] . Although there is some debate about the value of cultures of bone, either extruded or removed from an open wound, bone biopsy using an appropriate procedure (see below) remains the recommended method for definitive diagnosis of DFO [185] .
The main value of bone biopsy is to provide reliable data on the organisms responsible for the infection and to determine their profile of susceptibility to antimicrobial agents [215] . Despite this, in most reports of the medical treatment of DFO, the authors did not use bone culture to select the antibiotic regimen. A retrospective multicenter study demonstrated that patients treated with bone culture-guided antibiotic treatment had a significantly better outcome than those treated in the same center without such guidance (18 of 32 [56.3%] vs 4 of 18 [22. 2%], respectively, P = .02) [213] . Nevertheless, some authors continue to report success rates of 75% in the empiric treatment of DFO [216] .
Obtaining a bone specimen for culture (and histology, when available), is most likely to be justified [204, 208, [216] [217] [218] (Table 9) when there is
• uncertainty regarding the diagnosis of osteomyelitis despite clinical and imaging evaluations; • an absence (or confusing mix) of culture data from soft tissue specimens;
• failure of the patient to respond to empiric antibiotic therapy; or • a desire to use antibiotic agents that may be especially effective for osteomyelitis but have a high potential for selecting resistant organisms (eg, rifampin, fluoroquinolones).
We would make a stronger case for routinely obtaining biopsy specimens of midfoot or hindfoot lesions because they are more difficult to treat, more often lead to a high-level (ie, above the ankle) amputation, and more often yield a good bone specimen. While we think it is optimal to obtain the bone specimen at a time when the patient is not receiving systemic antibiotic therapy, recent data from a study of vertebral osteomyelitis suggest that even with antimicrobial pretreatment, at least half of the bone cultures will be positive [219] . We suggest, in the absence of data for DFO, that a 2-week antibiotic-free period is best to avoid false-negative cultures. Of course, the potential benefit in accurate cultures must be weighed against the risk of progressive infection in the absence of treatment. Any properly trained physician (eg, foot surgeon, interventional radiologist) can perform the biopsy. Although it is not always necessary, percutaneous biopsy should preferably be done under fluoroscopic or CT guidance and if possible, traversing the uninvolved skin. For patients with sensory neuropathy, providing anesthesia may be unnecessary. Using any of the various types of bone-cutting needles, such as Jamshidi (Perfectum Corporation; distributed by Propper and Sons) and Ostycut (Bard Products; distributed by Angiomed), clinicians should obtain 2-3 specimens if possible, sending at least 1 for culture and another for histological analysis [220] . With small-toe bones, it may only be possible to aspirate a few bony spicules. Complications of bone biopsy are very rare [211, 213, 221] . Even using results of previous imaging studies and realtime fluoroscopic guidance, bone biopsy may miss the area of active osteomyelitis, giving a potentially false-negative result. On the other hand, skin antisepsis will not always prevent contamination of the bone samples during the biopsy procedure, giving a potentially false-positive result. In light of Table 9 . In Which Situations Is Diagnostic Bone Biopsy Most Recommended?
• Patient or provider prefers definitive diagnosis to justify choice of early surgery in favor of prolonged treatment • Cultures of soft tissue or blood suggest high risk of osteomyelitis with antibiotic-resistant organism(s) • There is progressive bony deterioration or persistently elevated inflammatory markers during empiric or culture-directed therapy (should consider surgical resection) • Suspect bone is a planned target for insertion of orthopaedic metalware these deficiencies, bone histology (when available) can be helpful. A study comparing culture to histopathology on 44 surgically obtained bone specimens from patients with DFO found that the 2 performed similarly [222] . Clinicians should take other available clinical, radiologic, and biologic parameters into account; a diagnostic scheme incorporating combinations of findings may prove useful for diagnosing DFO [185] . Imaging Studies. When considering osteomyelitis, we recommend obtaining plain radiographs of the foot, as they are widely available and relatively inexpensive (see question VII). It may take weeks after the onset of bone disease for osteomyelitis to become evident on plain radiographs [163, 177, 193] . Progressive changes seen on serial plain radiographs repeated after 2-4 weeks may have greater sensitivity and specificity [200] . Radioisotope scans are more sensitive than radiographs for detecting early osteomyelitis, but unfortunately they are rather nonspecific [223] . MRI is the most accurate imaging study for defining bone infection [166, 188, 224, 225] , but accurately interpreting images requires a well-trained and experienced reader. MRI is not always needed to diagnose osteomyelitis (eg, when there is exposed grossly infected bone). The UK NICE guidelines [24] suggest that when osteomyelitis is suspected but not confirmed by initial radiography, clinicians should use MRI or, if MRI is unavailable or contraindicated, white blood cell scanning. The NICE guidelines offer receiver operating characteristic curves and Forrest plots relevant to the diagnosis of osteomyelitis. In preliminary studies, fluorodeoxyglucose positron emission tomography (or MRI) has better accuracy for confirming or excluding the diagnosis of chronic osteomyelitis than plain MRI, but its role in diabetic patients is not yet established [225] .
Management of Diabetic Patients With Osteomyelitis of the Foot. If MRI is unavailable, contraindicated, or otherwise difficult to justify, we think the following protocol should suffice:
-If the plain radiograph has changes suggestive of osteomyelitis (cortical erosion, active periosteal reaction, mixed lucency, and sclerosis), treat for presumptive osteomyelitis, preferably after obtaining appropriate specimens for culture (consider obtaining bone biopsy, if available). -If the radiographs show no evidence of osteomyelitis, treat the patient with antibiotics for up to 2 weeks if there is soft tissue infection, in association with optimal care of the wound and off-loading. Perform repeat radiographs of the foot 2-4 weeks after the initial radiographs. -If these repeat bone radiographs remain normal but suspicion of osteomyelitis remains:
• Where the depth of the wound is decreasing and the PTB test is negative, osteomyelitis is unlikely.
• Where the wound is not improving or the PTB test is positive, 1 of the following choices should be considered:
○ Additional imaging studies, preferably MRI. If results are negative, osteomyelitis is unlikely.
○
Bone biopsy for culture and histology.
Empiric treatment: Provide antibiotic therapy (based on any available culture results, and always covering at least for S. aureus) for another 2-4 weeks and then perform radiography again.
Choosing Between Medical and Surgical Therapy. Bone resection has been considered essential for curing chronic osteomyelitis [186, 218] , but this belief has been challenged by recent reports of cure with antibiotic therapy alone [165] . Definitive surgical solutions to osteomyelitis, such as ray and transmetatarsal amputations, may risk architectural reorganization of the foot, resulting in altered biomechanics and additional cycles of "transfer ulceration," that is, skin breakdown at a new high-pressure site. Neuropathy and attenuated systemic manifestations of infection may render osteomyelitis tolerable for the diabetic patient and may also mask progressive bone destruction. Delayed or inadequate surgery may impair control of infection and allow additional bone or soft tissue necrosis. No studies directly compare primarily surgical and primarily medical strategies, but nonsurgical treatment with a prolonged (3-6 months) course of antibiotics has a reported clinical success rate of 65%-80% [81, 189, 221, [226] [227] [228] [229] [230] [231] [232] [233] [234] [235] [236] . Unfortunately, these data from nonrandomized case series often fail to specify a definition of osteomyelitis, how patients were selected, and how much nonoperative debridement of bone was performed. At the clinical extremes (ie, minimal or massive bone involvement), trained clinicians may find it easy to decide whether the patient requires surgical debridement of the infected bone or amputation. In the majority of cases, however, a didactic approach to management is not supported by strong evidence.
There are 4 situations in which nonsurgical management of osteomyelitis might be considered [185, 189, 221, 234 ]:
1. There is no acceptable surgical target (ie, radical cure of the infection would cause unacceptable loss of function).
2. The patient has limb ischemia caused by unreconstructable vascular disease but wishes to avoid amputation.
3. Infection is confined to the forefoot, and there is minimal soft tissue loss.
4. The patient and healthcare professional agree that surgical management carries excessive risk or is otherwise not appropriate or desirable.
When therapy for osteomyelitis fails, clinicians should consider several possible reasons:
1. Was the original diagnosis correct? 2. Is there residual necrotic or infected bone or surgical hardware that should be resected or removed?
3. Did the selected antibiotic regimen likely cover the causative organism(s) and achieve adequate levels in bone, and was it administered for a sufficient duration?
4. Are noninfectious complications (eg, inadequate offloading of the wound or insufficient blood supply to the foot), rather than failure to eradicate bone infection, the real problem?
Each case needs an individualized approach (Table 10) , preferably in consultation with a multidisciplinary team. Selected patients may benefit from implanted antibiotic carriers (eg, poly[methyl methacrylate] beads or calcium sulfate pellets) [237] [238] [239] [240] [241] [242] , or from revascularization, whereas others may elect long-term or intermittent antibiotic suppression or, in some cases, amputation. There is no persuasive evidence that the use of adjunctive treatments, such as hyperbaric oxygen therapy, growth factors (including granulocyte colonystimulating factor), maggots (larvae), or topical negative pressure therapy (eg, vacuum-assisted closure) are beneficial in the management of DFO [185] .
Selecting an Antibiotic Regimen. A recent systematic review demonstrated the poor evidence base for making any recommendation on antibiotic therapy for DFO [185] . No data support the superiority of any specific antibiotic agent or treatment strategy, route, or duration of therapy. The results of one retrospective study of patients with DFO suggest that antibiotic therapy directed by culture of bone (compared with empiric therapy) is associated with a significantly higher rate of resolution of the bone infection without surgery after a mean of 12 months' follow-up [221] .
The most appropriate duration of therapy for any type of DFI is not well defined [149] . It is important to consider the presence and amount of any residual dead or infected bone and the state of the soft tissues. When a radical resection leaves no remaining infected tissue, only a short duration of antibiotic therapy is needed. Alternatively, if infected bone remains despite surgery, we advise prolonged treatment. For osteomyelitis, some initial parenteral antibiotic therapy may be beneficial, especially if an agent with suboptimal bioavailability is selected, but predominantly oral therapy with a highly bioavailable agent is probably adequate. Parenteral therapy may be delivered in the outpatient setting, where this service is available [241, 243, 244] . Recommendations for duration of therapy are based on the clinical syndrome and are summarized in Table 11 . Although there are no tests that have been proven to correlate with long-term resolution of osteomyelitis, the consensus of the panel is that the following are suggestive of a response: a decrease in previously elevated inflammatory markers (especially the ESR); resolution of any overlying soft tissue infection; healing of any wound; and evolution of radiographic changes that suggest healing.
Recommendations
38. We suggest that nonsurgical clinicians consider requesting assessment by a surgeon for patients with a moderate or severe DFI (weak, low).
41. Although most qualified surgeons can perform an urgently needed debridement or drainage, we recommend that in DFI cases requiring more complex or reconstructive procedures, the surgeon should have experience with these problem and adequate knowledge of the anatomy of the foot (strong, low). Evidence Summary Determining the Need for Surgery. Many infections require surgical procedures, ranging from minor (eg, drainage and excision of infected and necrotic tissues) to major (eg, reconstruction of soft tissue or bony defects, revascularization of the lower extremity, and lower limb amputation) [245] [246] [247] [248] [249] . Clinicians should seek urgent surgical consultation for patients presenting with clinical evidence of a life-or limb-threatening infection (Table 12) , or if the involved limb is critically ischemic (Table 4 ) [250, 251] . A surgical specialist should also evaluate any patient who has unexplained persistent foot pain or tenderness or evidence of a deep-space infection or abscess. The absence of fever or leukocytosis should not dissuade the clinician from considering surgical exploration of a DFI [252, 253] . The most common site for a severe foot infection is the plantar surface. A plantar wound accompanied by dorsal erythema or fluctuance suggests that the infection has passed through fascial compartments, likely requiring surgical drainage ( Figure 1 ). Prompt and adequate surgical debridement, including limited resections or amputations, may decrease the likelihood that a more extensive amputation is needed [227, 254] . The progressive development of an abscess within the foot, especially in the presence of ischemia, can rapidly lead to irreparable tissue damage.
Various publications suggest that there are between 4 and 7 compartments in the foot; the 4 in the plantar aspect are medial, lateral, and central plantar and deep plantar (Figure 1 ) [255, 256] . The key element of any surgical approach is to reach the appropriate foot compartment(s) and extend the exploration and debridement to healthy tissue [257] . Appropriate planning, careful tissue dissection, [257] and using longitudinal skin incisions respecting the specific compartments can lead to a durable, weight-bearing, and often nonpainful plantar surface [255] . An example of a well-tolerated plantar incision is one that begins posterior to the medial malleolus and extends laterally and distally toward the midline, then distally to end between the metatarsal heads. This incision can be modified to end medially or laterally, depending on the involved compartments or anatomic location of the infection. If required, this incision can also be modified to include a partial ray (metatarsal) amputation or extended more proximally to resect all toes (transmetatarsal amputation) or to undertake a midfoot/rearfoot amputation.
For patients with an early, evolving infection, it may be best to delay surgery in an attempt to avoid the consequent scarring and deformity. In those with a nonsevere infection, carefully observing the effectiveness of medical therapy and the demarcation line between necrotic and viable tissue before operating may be prudent [255, 258] . If clinical findings worsen, surgical intervention is usually needed. The surgeon must determine the adequacy of the blood supply to apparently viable tissues, consider common operative pitfalls (eg, infection spreading among foot compartments, to the deep plantar space, or along the tendon sheaths), and formulate a strategy for eventual soft tissue cover (eg, closure that is primary, delayed primary closure, by secondary intention, or by tissue transfer) [259] [260] [261] . The surgical approach should optimize the likelihood for healing while attempting to preserve the integrity of the walking surface of the foot [66, 262] . In addition to being knowledgeable about foot anatomy and the pathophysiology of DFI, the surgeon should optimally have experience with and enthusiasm for the field [66] . In most instances, the surgeon should continue to observe the patient until the infection is under control and the wound is healing. In some cases, unfortunately, amputation is the best option [63, 250, 263] . Urgent amputation is rarely required except when there is extensive necrosis or life-threatening infection [264] (Table 12 ). Elective amputation may be considered for the patient who has recurrent ulceration (despite maximal preventive measures), has irreversible loss of foot function, or would require unacceptably prolonged or intensive hospital care [265, 266] . The surgeon must consider vascular, reconstructive, and rehabilitation issues in selecting the level of amputation [267, 268] . Generally, the surgeon should attempt to save as much of the limb as possible [269] . However, a higher-level amputation that results in a more functional residual stump (even if a prosthesis is required) may be a better choice than preserving a foot that is mechanically unsound, unlikely to heal, or prone to future ulceration.
When all or part of a foot has dry gangrene, it may be preferable (especially for a patient who is a poor surgical candidate) to let the necrotic portions auto-amputate. It may also be best to leave adherent eschar in place, especially on the heel, until it softens enough to be more easily removed, provided that there does not appear to be an underlying focus of infection [270, 271] .
If the infected limb appears to be ischemic, the patient should be referred to a surgeon with vascular expertise [272] . In most cases, ischemia is secondary to larger-vessel atherosclerosis, rather than to "small-vessel disease" [273] . Because vessels above the knee and below the ankle tend to be relatively spared, lower extremity atherosclerosis may be amenable to angioplasty or vascular bypass [70] . Patients with noncritical ischemia (eg, those with an ABI of 0.4-0.9) can in some cases be successfully treated without a vascular procedure. The clinician should rarely use just a single invasive or noninvasive technique to determine whether to undertake a vascular intervention without taking into account other clinical parameters [60] . For more severe vascular disease of the foot in patients with diabetes, many centers have reported successful use of both aggressive endovascular intervention and distal bypass procedures [70, 77, 274, 275] . For a patient with a severely infected ischemic foot, it is usually preferable to perform any needed revascularization early rather than to delay this procedure in favor of prolonged (and potentially ineffective) antibiotic therapy [276, 277] . On the other hand, careful debridement of necrotic infected material should not be delayed while awaiting revascularization. Optimal surgical management may require combined (multispecialty), multiple, or staged procedures [278] .
42. Diabetic patients with a foot wound should receive appropriate wound care, which usually consists of the following: a. Debridement, aimed at removing debris, eschar, and surrounding callus (strong, moderate). Sharp (or surgical) methods are generally best (strong, low), but mechanical, autolytic, or larval debridement techniques may be appropriate for some wounds (weak, low). b. Redistribution of pressure off the wound to the entire weight-bearing surface of the foot ("off-loading"). While particularly important for plantar wounds, this is also necessary to relieve pressure caused by dressings, footwear, or ambulation to any surface of the wound (strong, high). c. Selection of dressings that allow for moist wound healing, and control excess exudation. The choice of dressing should be based on the size, depth, and nature of the ulcer (eg, dry, exudative, purulent) (strong, low). 43. We do not advocate using topical antimicrobials for treating most clinically uninfected wounds (strong, low).
44. No adjunctive therapy has been proven to improve resolution of infection, but for selected diabetic foot wounds that are slow to heal, clinicians might consider using bioengineered skin equivalents (weak, moderate), growth factors (weak, moderate,) granulocyte colony-stimulating factors (weak, moderate), hyperbaric oxygen therapy (strong, moderate), or negative pressure wound therapy (weak, low).
Evidence Summary
Available data to support the use of the different dressings and adjunctive measures for the management of diabetic foot wounds are weak [279] [280] [281] [282] . The fundamental problem with studies supporting the benefits of various measures is that they are small in size and suboptimal in design and execution [279] [280] [281] [282] [283] [284] [285] [286] . In light of the complex pathophysiology of diabetic foot wounds, most are unlikely to be healed by any single treatment. This makes it difficult to demonstrate the effectiveness of any one intervention in studies that measure wound healing as the primary end point [283] . Extensive clinical experience, and at least some studies, support several basic principles for managing diabetic foot wounds, often called "standard/good wound care." These include sharp debridement of callus and other wound debris or eschar, moist wound healing, and pressure or weight displacement off the affected area of the foot [278, 287, 288] . Other factors that are important in healing a wound include ensuring adequate arterial perfusion to the site and controlling any concomitant infection.
Wound Dressings. The principal function of a wound dressing is to help achieve an optimal healing environment. Many types of dressings have been designed to serve various functions, such as protecting the wound, encouraging wound healing, and preventing or treating infection. Because diabetic foot wounds are heterogeneous, no single dressing is suitable for all types. Clinicians should base dressing selections on the wound's location, size, and depth, amount of exudate, presence of infection or necrosis, and the condition of the surrounding tissue. The goal is to create a moist wound environment to promote granulation (new tissue containing all the cellular components for epithelialization), autolytic processes (wherein host generated enzymes help break down devitalized tissues), angiogenesis (new blood vessel formation), and more rapid migration of epidermal cells across the wound base [289, 290] . Selection of wound dressing should be based on the wound bed characteristics: if dry, it should be hydrated; if draining, the exudate should be absorbed; if necrotic, it should be debrided. Commonly used dressing types include:
• Continuously moistened saline gauze: for dry or necrotic wounds • Hydrogels: for dry and or necrotic wounds and to facilitate autolysis • Films: occlusive or semiocclusive, for moistening dry wounds • Alginates: for drying exudative wounds • Hydrocolloids: for absorbing exudate and to facilitate autolysis • Foams: for exudative wounds Currently, there is insufficient evidence to recommend one specific dressing type over another, but some data support the effectiveness of hydrogels [283, [291] [292] [293] .
Topical Antimicrobials. The controversial concept of excess wound bioburden has led to the increasing use of antimicrobials, particularly topical antiseptics (eg, cadexomeriodine) and silver-based dressings, despite little evidence substantiating any benefit of these dressings over conventional therapy [115, [282] [283] [284] [285] . In addition to their expense and potential for causing local adverse effects, use of these antimicrobials may further promote the emergence of bacterial resistance [294] [295] [296] . With these theoretical risks, and a lack of evidence of any advantages, we do not advocate using topical antimicrobials for most clinically uninfected wounds [115] . Furthermore, the available evidence does not support any benefit to using silver-based dressings for clinically infected wounds [281, 282, 297, 298] .
Debridement. Debridement involves removing necrotic or nonviable tissue, slough, or foreign material from the wound, as well as trimming any surrounding hyperkeratosis (callus). This process also removes colonizing bacteria, aids granulation tissue formation and reepithelialization, reduces pressure at callused sites, facilitates the collection of appropriate specimens for culture, and permits examination for the presence of deep tissue (especially bone) involvement [84, 270, 271, 292, 299] . The goal is to enable wound healing and to remove a reservoir of potential pathogens [291, 292, 300, 301] . The patient should be forewarned that bleeding is likely and that the wound will appear larger after the procedure, when its full extent is exposed. Debridement can usually be undertaken as a clinic or bedside procedure and without anesthesia, although patients who do not have a loss of protective sensation may require local anesthesia. If the wound is extensive, there is adherent eschar, the clinician's time is limited, or the patient finds the procedure too painful, it may be best to stop and to conduct additional debriding sessions over several days. Wounds needing deeper or more extensive debridement, however, may require surgery in an operative suite. Debridement may be relatively contraindicated in wounds that are primarily ischemic [301] .
We generally prefer sharp debridement (with scalpel, scissors, or tissue nippers) to other techniques that are less definitive and controllable and may require prolonged and repeated applications [301, 302] . Although sharp debridement has been proven to be efficacious in clinical trials [278, 303] , a systematic review found little strong evidence of the effectiveness of either sharp debridement or topical debriding agents [283] . Debridement should be repeated as often as needed if nonviable tissue continues to form [304] . Other methods of debridement include autolytic dressings and biological debridement with maggots (ie, larvae of Lucilia sericata [green-bottle fly]). The exact mechanism of maggot biotherapy is not yet known, but it appears to be useful for carefully selected necrotic and infected wounds [305] [306] [307] [308] . Limited evidence supports the use of hydrosurgery systems, an emerging technology that simultaneously cuts and aspirates soft tissue, but they are relatively expensive [309, 310] . Following debridement, measure and record the wound size, the extent of any surrounding cellulitis, and the quality and quantity of any drainage (including color, lucency, and odor); taking photographs is helpful in this regard. Bear in mind when documenting treatment that >1 clinician will treat most patients during the healing process.
Off-loading Pressure. Relieving pressure from a diabetic foot wound (off-loading) is a vital part of wound care [311] . The choice of off-loading modality should be based on the wound's location, the presence of any associated PAD, the presence and severity of infection, and the physical characteristics of the patient and their psychological and social situation. The total contact cast, often considered the "gold standard" device, redistributes pressure to the entire weightbearing surface to accelerate healing of a neuropathic ulcer [299, 312, 313] . Its main advantage may be that it is irremovable, leading to the development of other devices, such as the instant total contact cast [314] , that are easier to apply, less expensive, and equally efficacious. The total contact cast should only be used with caution in patients with severe PAD or active infection, as it precludes viewing the wound [315] . There are many types of removable off-loading devices from which to choose [316] [317] [318] , but patients often remove them, especially when they are at home.
Studies over the past 2 decades have established that the majority of diabetic foot ulcers take at least 20 weeks to heal [319, 320] . If a diabetic foot wound fails to heal despite good wound care, the clinician should initiate a reevaluation of management (Table 13 ). This should include ensuring that perfusion of the limb is adequate and that any infection (especially osteomyelitis) has been adequately addressed. Consider obtaining a biopsy of a recalcitrant or atypical wound, as a lesion that appears to be a diabetic foot ulcer may on occasion be a malignancy (eg, a melanoma or Kaposi sarcoma). After addressing these issues, the clinician should consider using adjunctive treatments to promote wound healing. None of these measures, however, have been shown to improve resolution of infection; moreover, they are expensive, not universally available, and may require consultation with experts, and the reports supporting their utility are mostly flawed.
• Hyperbaric oxygen therapy: A limited number of randomized controlled trials are available to support its use for wound healing (but not resolving infection) [321] [322] [323] [324] .
• Platelet-derived growth factors: Although an initial study demonstrated benefit, subsequent investigations have not shown these treatments to improve healing, or they have been conducted in a fashion where the data cannot be interpreted in the context of routine care [287, 325, 326] .
• Granulocyte colony-stimulating factor (G-CSF): Based on results of 5 randomized clinical trials using various preparations and protocols, adding G-CSF did not significantly affect the likelihood of resolution of infection or wound healing but was associated with a significantly reduced likelihood of lower extremity surgical interventions (including amputation) and reduced duration of hospital stay, but not duration of systemic antibiotic therapy. The available data are not sufficiently robust to support the routine use of this therapy [327] [328] [329] [330] [331] [332] [333] .
• Bioengineered skin equivalents: The data supporting the effectiveness of these products are not of sufficient quality or robustness to support their use [334] [335] [336] . Is there a failure of wound healing?
• Is the patient adhering to the wound care regimen?
• Has the wound been adequately debrided?
• Has the wound been appropriately dressed?
• Has the wound been adequately off-loaded?
• Is there unidentified or untreated ischemia?
• Is the lesion malignant?
• Is there undiagnosed or improperly treated infection?
Is there a failure of infection to respond?
• Is there unidentified or untreated limb ischemia?
• Is there unidentified necrotic soft tissue or bone?
• Is there an undrained abscess?
• Is there osteomyelitis that has not yet responded?
• Is there an untreated or an unidentified pathogen?
• Is there an antibiotic delivery problem?
• Is there an antibiotic nonadherence issue?
• Have all metabolic aberrations been corrected?
• Topical negative pressure: Although some studies have demonstrated that this widely used treatment may safely improve healing of a diabetic foot ulcer, especially after a surgical procedure (eg, wide debridement or partial amputation) [337] [338] [339] , there is limited high-level evidence to support widespread utilization, especially in an infected wound [280, 340] .
Only additional randomized clinical trials can establish when, for whom, and with what protocols these expensive adjunctive therapies might be used in the treatment of the diabetic foot ulcer.
Limitations of the Literature and Future Studies. By mid-2011, >1800 papers had been published on some aspect of foot infections in persons with diabetes. We know a great deal about why diabetic patients develop foot infections, we have learned much about their epidemiology and pathophysiology, we know the usual causative organisms, we understand the role of surgical interventions, and we have demonstrated the effectiveness of many antimicrobial agents. And yet, the care of patients with this devastating problem is suboptimal in almost all settings. The main problem currently is less our lack of full understanding of the problem as our failure to apply what we know works. Based on the results of studies carried out in several settings in different countries, we know that about half of foot amputations can be avoided by improved care of a diabetic foot ulceration or infection. Mainly, this means applying the basic principles outlined in this guideline (and those of other organizations). Clearly, the best way to ensure that these principles are applied is for the patient to be seen by some type of a multidisciplinary foot care team.
What, then, are the limitations of the literature? Before the past decade we did not have a common language, so it was difficult to know what kinds of patients had been studied in a published report. In this regard, using one of several classification schemes, and specifically the IDSA or IWGDF infection severity classification, has helped. A major problem with studies of the microbiology of DFIs has been their failure to require optimal (ie, tissue) specimens for culture, and to some degree, the failure to properly culture for obligate anaerobes. In studies of antimicrobial therapy, the limitation has been the paucity, until the past decade, of randomized controlled trials. Unfortunately, these trials almost always exclude patients with bone infection or an ischemic limb, leaving us with little evidence-based information on how to treat these patients. Finally, many of the studies of treatments for DFIs, as with other conditions, are sponsored by industry, raising concerns about potential bias in which products are tested, by what methods, and how the results are reported.
Recommendations From the Panel for Future Work in This
Field. Listed below are several areas related to DFI that the panel members think are in most need of further research, technological and commercial development, or improved educational methods that may lead to better outcomes when treating DFIs.
Implementation.
1. Deploying a multidisciplinary team reduces the likelihood and extent of lower extremity amputations in diabetic patients with a foot infection. Medical institutions, insurance companies, and other healthcare systems should encourage the development of the following:
a. Rapid-response or "hot" teams that can provide appropriate initial evaluation and recommendations for care. b. Diabetic foot specialty teams or centers of excellence to which patients can later be referred for further consultation, if necessary. These teams should be composed of experienced medical, surgical, or nursing providers, working with specified, evidence-based procedures. Optimally they should include a foot specialist, a vascular surgeon, and a wound care specialist; they should also include or have access to specialists in infectious diseases or clinical microbiology and other disciplines (eg, diabetes, pharmacy). c. In communities where this is not practical, providers should seek telemedicine consultations from experts, or at least attempt to develop formal or informal consulting relationships, to ensure prompt evaluation and treatment by appropriate specialists, when needed. 2. We encourage healthcare organizations to develop systems to regularly audit various aspects of their processes and key outcomes of care for patients with DFIs who are treated in their institutions. Organizations should then use the results of these audits to improve care and better outcomes.
3. Healthcare organizations should ensure that providers who evaluate and manage patients with DFIs have ready access to the required diagnostic and therapeutic equipment (including a monofilament, scalpel, sterile metal probe, forceps, tissue scissors), as well as advanced imaging and vascular diagnostic equipment and specialists. 4. Healthcare organizations should ensure implementation of measures to prevent spread of multidrug-resistant organisms in both inpatient and outpatient settings, and we encourage providers to monitor bacterial resistance patterns of diabetic foot isolates.
Regulatory Changes.
1. The FDA previously had a specific pathway for manufacturers of new and approved antibiotics to apply for approval for treatment of "complicated skin and skin structure infections including DFIs." Their recently issued draft guidance for acute bacterial skin and skin structure infections specifically excludes patients with DFIs from enrollment in clinical trials, suggesting that sponsors wishing to develop a drug for this indication consult with the FDA [160] . We encourage the FDA (and similar agencies in other countries) to clarify its requirements for studying DFIs, and the pharmaceutical companies to invest in testing for antimicrobial agents for the DFI designation.
2. Many DFIs are complicated by bone involvement, yet there are no specific guidelines for conducting studies of treatment of this problem. Thus, we encourage the FDA (and similar agencies in other countries) to develop "Guidance for Industry" on conducting studies of antibiotic agents for treating osteomyelitis.
3. We encourage regulatory and oversight agencies, both local and national, to encourage (and ultimately require) healthcare organizations to tabulate and evaluate rates of foot complications in their diabetic population, to compare them to other sites, and to strive to improve outcomes.
4. We encourage various agencies that fund research programs to invest in studies of this large and growing problem, including developing calls for proposals on the most needed subjects of research.
Research Questions.
1. In an era of increasing antibiotic resistance, we must address several questions concerning the most appropriate antibiotic therapy for various types of DFIs:
a. Is there a role for treating clinically uninfected foot wounds with antimicrobials, either to prevent active infection or hasten wound healing? b. For which, if any, wounds are topical antimicrobial agents appropriate therapy? c. In which situations, and for how long, is parenteral (rather than oral) antibiotic therapy needed for a DFI? d. What total duration of antibiotic therapy (topical, oral, or parenteral) is needed for various types of DFIs? e. Is it necessary to select an antibiotic regimen that covers all proven or suspected pathogens in a DFI? Is narrow-spectrum therapy safe and effective for selected types of infections? 2. Managing proven or presumed osteomyelitis is the most contentious aspect of treatment of DFIs. We encourage research that addresses these issues: a. What are the best clinical and imaging criteria (alone or in combinations) to diagnose bone infection? b. When is it appropriate to obtain a specimen of bone for culture (and histology, if possible) in a patient with suspected osteomyelitis? What are the best methods to obtain such a specimen, and how can we persuade reluctant specialists to perform the procedure? c. When is surgical resection of infected or necrotic bone most appropriate? d. What is the required duration of antimicrobial treatment of osteomyelitis, both in patients who have, and have not, undergone surgical resection of infected or necrotic bone? e. What diagnostic studies can help determine when osteomyelitis has been arrested after treatment? 3. Various types of adjunctive therapies (eg, antibiotic loaded poly[methyl methacrylate] beads, hyperbaric oxygen, and G-CSF) may have some benefit in selected patients; we need to define for which, if any, patients these treatments are cost-effective.
4. Biofilm appears to play an important role in increasing the difficulty of treating DFIs. What are the best ways to try to eliminate biofilm or make bacteria in biofilm easier to eradicate?
PERFORMANCE MEASURES
Clinicians caring for patients with a DFI, and their patients, need assurance that the care they are providing (or receiving) is of acceptable quality. For this reason, and to drive service improvement, clinicians and organizations should undertake measures of both outcome and process, and make them available for review, benchmarking, and action planning (Table 14) . Currently, there is considerable variability in care pathways and processes, even within similar organizations, but particularly across different types of healthcare systems. We think clinicians should attempt to compare their key outcomes to those of others (at least in similar situations) and should strive to achieve better outcomes as they examine their processes. Recently, Fincke et al developed a classification system for patients with DFI designed for use with large, computerized, International Classification of Diseases, Ninth Revision, Clinical Modification-coded administrative medical databases [341] . This system provides a model for a framework for conducting observational studies to examine treatment variation and patient outcomes, including the effect of new management strategies, implementation of practice guidelines, and quality improvement initiatives. Using this system on a database of patients treated at US Veterans Affairs medical centers, they demonstrated that their severity ranking showed a monotonic relationship to hospital length of stay, amputation rate, transition to long-term care, and mortality. They also found that the range of variation in these parameters, as well as in the spectrum of the antibiotic regimens across facilities, was substantially greater than that across the categories of foot infection. The large variations in regimens appear to reflect differences in facility practice styles rather than case mix [342] .
Another recent example of the benefits of auditing followed by process change concerned the microbiologic assessment of a DFI. After implementing recommendations from international guidelines, Sotto et al demonstrated significant and dramatic decreases in the median number of bacteria species per sample, multidrug-resistant organisms, and colonizing (nonpathogenic) organisms over a 5-year period in their hospital [343] . In parallel, there was an associated cost savings of €14 914 related to a reduced microbiology laboratory workload and another €109 305 due to reduced prescribing of extendedspectrum antibiotic agents. Thus, this simple intervention saved >$200 000, while improving antibiotic stewardship.
Activities of this sort are essential to drive quality improvement, but the measures must be chosen with care. At first glance the most meaningful outcome measure would be success in eradicating signs and symptoms of infection. However, infection is of particular significance in the diabetic foot because of its close relationship to the need for amputation [343] . Therefore, in addition to collecting data on resolution of infection, multidisciplinary teams managing DFI should also know the service's minor and major amputation rates, and ideally other patient-related outcomes, such as survival, ulcer-free duration, and antibiotic-free days [344] . Administering antibiotics effectively is of little value if the rest of the patient pathway is not also organized so that the ulcer can heal and an amputation is avoided.
Performance measures might include: • The composition and meeting frequency of multidisciplinary teams • The percentage of patients with DFI in an institution seen by a multidisciplinary team
• Waiting times for initial evaluation of a DFI and for referral to the specialist foot care team • Time intervals between key milestones in management, such as clinical assessment to appropriate imaging to initiation of treatment, or recommendation for surgical procedure to when it is completed • Average and median length of hospital stay for a DFI • Frequency of providing appropriate foot care services on discharge from the hospital, or as part of a primary care consultation • Existence and use of locally agreed protocols for referral, antibiotic regimens, and evidence of audit of compliance to these protocols These measures should be reviewed as part of ongoing audits of care. This will allow any site (or individual practitioner) to compare his or her results to those made public by others, as well as to track performance at a single site over time. Poor or worsening performance measures should trigger more detailed review (using, eg, the Plan-Do-Check-Act cycle or other "lean methodologies") to determine and address the cause(s) [345] . These performance measures may be able to be done in conjunction with other ongoing evaluations, such as antibiotic stewardship reviews and adverse medical or surgical outcome reviews.
Notes
